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PBEFACE. 



Meteorology is a subject of interest to all. A 
in the very midst of its phenomena, and are con 
subjected to their influence. Many of the singul i 

cesses of nature which this science unfolds, are int 
ly connected with our being and happiness, while * 
on account of their beauty and sublimity, fill the 
with admiration and awe. 

The subject being one of universal interest, we I 
naturally suppose it to be universally understood ' 
such is not the case. Meteorology, as a science, ' 
recent origin ; for it is only within the space of a i 
few years that it has risen, through the efforts of i < 
gifted minds, to the rank it deserves to hold amici ^ 
various departments of knowledge. 

Meteorology ig a portion of Natural Philosophy, 

in the colleges of our land, lectures upon this sui 

form a part of the regrular academical course; Oui 

similar system prevails in our High Schools and Ac 

mies. Nor is it to be expected ; smce, with the pr^ 

want €>i facilities for obtaining information, the te. 

would be. obliged to devote an undue share of his 

to the. acquisition of the knowledge requisi^g^^o^ 

objects Neither can a text-hook be ^ " 



iv PRKFACE. 

translation from the German of Kaemtz's " Complete 
Course of Meteorology ;" a work which, though exceed- 
ingly valuable to the advanced student, is not suitable 
for a text-book on account of its size, expense, and mode 
of execution. 

The present little work has therefore been prepared, 
not with the view of adding one more to the long list of 
studies now pursued in our academical institutions ; but 
for the purpose of bringing into general notice a rich but 
hitherto comparatively unknown field, within the do- 
mains of natural science. 

The author has therefore endeavored, while retaining 
all the important principles of Meteorology, to condense ' 
the subject as much as possible, in order that this ele- 
mentary treatise may be studied in connection with Nat- 
ural Philosophy, without consuming too much time. 

In regard to facts, they have been sought wherever 
it was supposed they could be found, and reference has 
been made in nearly all cases to the authorities whence 
they were taken* 

Should it be required a more extended treatise may be 
expected^ adapted to the wants of students in colleges. 
Hartford, July 7th, 1848. 
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METEOROLOGY. 



1. MeTEOROLOOV is that branch of NATUBAt 
SCIEfirCE WHICH TREATS OF THE ATMOSPHERE AND 

ITS PHENOMENA. The subject may be properly divided 
iato six porta. 

2. Part L THE ATMOSPHERE. 

Part H. AERIAL PHENOMENA— coniprcAewd- 
itiff Winds in general, Hurricanes, Tornadoes, and 
Water-spouts. 

Part IH. AQUllbUS PHENOMENA— tn^Mdiriff 
jRain, Fogs, Clouds, J?ew, Hoar-frost and Snow, and 
Sail. 

Part IV. ELECTRICAL PHENOMENA-cow- 

prising Atmospheric ElectrvAly and Thunder-storms. 

Part V. OPTICAL PHENOMENA— incZwdtng' 

*Ae Color of the Atmosphere and aouds, Rainbow, 

-^^irage. Coronas, and Haloes. 

i>ART VI. LUMINOOS PHENOMENA-emftro- 
«=*>«§■ Meteorites, Shooting- Stars and Meteoric Showers, 

*^*<3? the Aurora Boreaiis. ^„„ t.« cnMnivyf t? 

X*ART VII. MISCBI-LANEOUS PHENOME- 
PSr^^^i„cluding the Fall of Terrestrial Substances 
/^^^ign to the Atmo^T,h^rti,aad Dry Fog and Indian 
^^'^^^^ramer Haze. r 

JiyilUtJd by VjUO^I'C 
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PART L 



OF THE ATMOSPHERE. 

3. As the common properties of the air, viz., weighty 
fiuidity and elasticity^ are supposed to be already known, 

C. 502,) we shall proceed at once to the discussion of 
ihe entire body of air, termed the atmosphere ; and first 
of its pressure, which is ascertained by the barometer, 
an instrument so called from the Greek words, baroSn 
weight, and metron, measure. 

BAROMETER. 

4. This instrument is of the highest importance ir 
Meteorology, and requires a minute description. It is 
thus constructed. Into a glass tube, about three feet 
in length, open at one end and closed at the other, mer- 
cury is poured until it is full ; the open end being now 
closed by the finger, or any other means, the tube is in- 
verted, and the lower end immersed in a vessel of mer- 
cury. When beneath the surface of the fluid the end 
is unstopped, and the column of mercury within the tube 
then settles down, until its summit is about thirty inch- 
es above the level of that within the vessel. The space 
above the column in the tube is a void, and is called 
the Torricellian vacuum, from Torricelli, the name of 
the Italian philosopher, who first constructed this instru- 
ment. 

5. TTie column of mercury within the tube is sup- 
ported above the level of that in the vessel, by the up- 
ward pressure of a colum,n of the atmosphere^ having 
the safne ba^e as itself 

What is the atmosphere 7 Digitized by VjOOg IC 
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6. Thus, in fig. 1., the atmospheric 
column a a, of indefinite length, but of the 
same size as the barometric column Db, 
presses upon the mercury in the vessel. 
K, with a force equal to its own weight', 
now since any force, acVmg upon a fluid, 
is communicated in every direction, this 
pressure will be transmitted through the 
mercury, in the direction of the arrows, 
and acts at D, within the tube, against 

the mercurial column Db. This upward 

force will be resisted at D, by the weight 

of Db, and the mercury will sink m the 

tube until the two pressures counterpoise 

each other, in exactly the same manner 
'as two equal weights in the opposite scales 

of a balance. . . 

7. From these considerations, it is man- 
ifest, that the weight of the atmospheric 

column a a is equal to that of the mercurir 

al column, Db of the same base ; a«d this 

weight can be estimated in the following 

manner. If the base at D contains one 

Suare inch, the column Db, at its usual 

height, will contain, nearly, 30 c"b^^^^^^ the 

one cubic inch of mercury weighs 34^^ 

weight of thirty will amount to 10^028^^^^^^^ 

This product being now divided ^y J^^^ J J^^^ ^jn b6 
of grain's in a pound -^^tTalV^he w^^^^^^ of the 
xaearly 14.7 lbs. ; a quantity ^^"^1 ^^ JJ^^^ pressure of 
barometric column, and consequently to ineF 

The atmosphere on every ^^^iZ^U^l^^ ^viU 
a Anymc7'ea^^int.heden^i^^^^^^ a de^ 
be denoted by an '^f^^'^'lL^'^l^^^^ obvious, 
crease by its depression^ JV^^^^^^^ ^^^.^ 
in the first case, a a becomes heavier, ana i^h 




and since 



5!!^1^I^;^Leoftb«atmospher^ on every B^uareinch.^^^^^^^^^^^ 
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16 ITBS ATM08PfifiRE« 

mercury to balance it ; therefore Db la lengthened. In 
the second case, a a is lighter, and, as a less quantity of 
mercury will thein balance it, Db is shortened. Such 
changes are constantly occurring, but are very minute, 
and, in order that they may be accurately indicated, the 
instrument must be made with the nicest care. 

9. To secure a perfect instrument, it is essential that 
the mercury should be free from any solid impurities, 
else the summit of the column will either be above, or 
below, its proper level, according as the foreign matter, 
mixed with the mercury, is lighter, or heavier, than the 
fluid. This end is attained by straining the mercury 
through chamois leather. If it is amalgamated with 
zinc, or lead, it is purified by washing it with acetic, or 
sulphuric acid* 

10. When the tube is filled, moisture and small bub- 
bles of air are found adhering to its interior surface, and 
are also contained in the mercury. These, if not expell 
ed, will ascend when the tube is inverted into the Torri- 
cellian vacuum, the moisture rising in vapor. By their 
united elastic force, the ascent of the barometric column 
will be checked, whenever any increase in the density 
of the atmosphere tends to elevate it. 

11. This source of error is removed by boiling the 
mercury in the tube. When all the air and vapor are 
expelled, the tube, if gently struck, will give forth a dry, 
metallic sound ; but if a bubble of air remains, the sound 
will be dull and heavy. By connecting the open end of 
the tube with an air pump, during the process of boiling. 
Dr. Jackson, of Boston, has still more effectually remov^ 
this imperfection. 

12. By these means, the air may perhaps be totally 
excluded, when the instrument is first constructed ; but 
in the course of time, it will again insinuate itself be- 
tween the glass and the mercurial column. To pre- 
vent this evil, Prof. Daniell, of King's College, London^ 



, , ^^^ 

What precautions are adopted to secure a perfect barometer t 
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Welds to the open end of the glass tube a ring of plati- 
num, which possesses a greater aflSnity for mercury than 
glass. The mercury adheres closely to the pfetinum, 
like water, and the passage of air, according to aJi ex- 
periments, appears thus to be effectually prevented. 

13. Since the constant changes in the weight of the 
atmosphere produce corresponding fluctuations in the 
height of the barometer, a scale is placed near the top 
of the tube, extending from twenty -seven to thirty-one ' 
inches, a space, which includes, at the surface of the 
earth, all the fluctuations of the column. This scale is 
divided into tenths of an inch ; but, as the variations of 
the barometer are exceedingly minute, a contrivance, 
called a veriiier, is annexed, by which a change, to the 
extent of one five hundredth of an inch, can be easily 
measured. 

. 14. As the surface of the mercuiy, in the reservoir, is 

raised by the descent of the column, and depressed by 

Us elevation, any change in the height of the barometer 

cannot be accurately estimated, while the scale remains 

in the same position; unless this surface is always 

brought to the same point, before taking an observation. 

The necessity of so doing will be obvious, from the foi 

lowing illustration. , ^ 

Suppose the surface of the mercury in the cistern Kj 

Agure 1., to be ^ty square inches, while that of a *^?y" 

i^ontal section of the column is but one. Should the 

barometer sink one inch, the surface of the mercury m 

the cistern will rise one fiftieth of an inch, and tne 

amount of the depression of the column, if measured 

from this surface, will be only forty-nine fiftieths of att 

mch, instead of one inch, its true depression. 



15. The contrivance employed by Fortin, a celebrat- 
ed French artist, to remove this error, consists ^^^\ 
justing to the cistern K, fiff. 1., a movable bottom, wUier^ 



artist, to 

le cistern *^, -g. *., 

can. be elevated or depressed, by means of the 
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18 THE ATMOSPHERE. 

P, until the surface of the uiercuiy shall just touch the 
fixed ivory index L, at its lower extftmity ; which point 
is the zero of the scale, or the place from which the 
height of the barometer begins to Be reckoned. 

16. When, by adopting the previous precautions, the 
barometer has been so far perfected, two corrections 
ire still necessary, before recording observations ; the 
3rst for temperaturej and the second for capillarity. 
That of temperature depends upon the expansion of 
-.he mercury and the scale ; the latter being partially 
corrective of the former, inasmuch as the divisions of 
measurement upon the scale, lengthen, at the same 
lime, with the column of mercury. 

17. Temperatdure. Mercury dilates, for every de- 
gree Fah. about one ten-thousandth part of its bulk, 
taken at the freezing point. The expansion of the scale 
varies with the metal of which it is composed, but its 
amount is, usually, so small, that it may safely be neg- 
lected ill the required correction. Hence the following 
practical rule has been adopted, for reducing any ob- 
served altitude of the barometer, to the corresponding 
altitude, at the freezing point. " Subtract the ten-thou- 
sandth part of the observed altitude^ for every degree 
above the freezing points Thus, if the barometer 
stands at 29 inches, and the thermometer at 52°, the 
required correction is 20 x .0001 X 29 = 058. If the 
temperature is below 32°, the correction must be added. 
To facilitate these calculations, a thermometer is always 
attached to the barometer. 

18. Capillarity. By capillary attraction is (C. 53,) 
understood^ the force exerted by the interior s^urface of 
small tubes, upon the fluids contained within them. 
When the fluid moistens the tube, it rises above its pro- 
per level ; but when it does not, as in the case of mer- 
cury, it sinks below it. From this cause, a depression, 
termed its capillarity, occurs in the barometer, the extent 

jbyCjQO Qle 
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PRESSURE OF T^E ATMOSPHERE. 19 

»f which is dependent upon the size of the interior diam- 
eter of the tube, and a correction for this must be added 
to the apparent height, in order to obtain the true alti- 
tude. In tubes of a small bore, the error from this 
source is considerable ; but when the diameter exceeds 
half an inch, it becomes so small, that it may safely be 
neglected. This will be rendered evident by the inspec- 
tion of the following table, which gives the amount of 
depression for tubes of various sizes. 

Diameter of tube. Deprension. 

iuchei. inchei. 

.10 1403 

.20 0581 

.40 0153 

.50 0083 

19. When the instrument is not stationary, but is 
carried from clime to clime, and to different heights 
above the sea-level, two other corrections are necessary ; 
one for the varying force of gravity^ indifferent latitudes, 
and the other for the change of pressure^ which dimin- 
ishes with every increase of altitude above the ocean. 

Such is the barometer, an instrument of great prao- 
u'cal use, and of the highest value in meteorological re- 
searches. 

PRESSURE OP THE ATMOSPHERE. 

^0. Variation IN Latitude, l^h^mean ox average 
pressure of the atmosphere, as indicated by the barom- 
eter, is found to be nearly the same in all latitudes, 
when every essential correction is made. It increases 
a little from the equator to about the 30th degree of 
latitude, where it is greatest ; it then decreases to nearly 
the 64th degree, where it is least ; after this it again 
increases, and between the 75th and 76th degrees, the 
pressure is equal to that of the equatorial climes. Ail 

^itizodbyC^-T^DOgle 
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this is obvious from the following table, founded upon 
observations, where corrections are made for gravity, 
altitude above the sea-level, and temperature. 



PLACES. 


LATITUDE. 


HEIGHT OP 
BAROMETER. 


Cape of Good Hope, . 
Chrifltianburg, . . . 

Tripoli, 

Godthaab, .... 
Spitzbergen, . . . 


33° S. 
5°30'N. 
33° N. 

64° N. 
75« 30' N. 


Inches. 
29.955 
29.796 
30.127 
29.598 
29.801 



21. The pressure of the atmosphere at any given 
spot is not invariable ; for the height of the barometer 
is perpetually changing throughout the year. The ex- 
tent of its fluctuations is, however, by no means the 
same in all places, being least at the equator, and great- 
est towards the poles. Thus its range within the tropics 
is but a little more than one-fourth of an inch ; at New 
York, 40** A2' W N. lat., 2.265 inches, from the observa- 
tions of five years ; at St. Johns, Newfoundland, 47** 34'' 3^' 
N. lat., 2.54 inches, during the same period ; while in 
Great Britain it amounts to three inches. The greatest 
fluctuations occur between the 30th and 60th degrees ot 
latitude. 

22. There is also a constant daily variation in the 
atmospheric pressure, for the barometer, as a general 
rule, falls from 10 o'clock, A. M. to 4, P. M. ; it then 
rises until 10, P. M., when it again begins to descend, 
reaching its lowest point at 4, A. M. ; from this time it 
rises, until it once more attains its highest elevation, at 
10, A. M. These variations are exceedingly minute, 
and contrary to the annual range, are greatest at the 
eqiLotor, and decrease with the latitude ; disappearing 
about the parallel of 60°. 

23. This variation amounts at 
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PLACES. 


LATITUDE. 


INCHES. 


Rio Janeiro, . . 

Lima, 

Calcutta, .... * 
St. Petersburg,* .* 


22° 54' S. 
12^3' S. 
22° 35' N. 
59° 56' N. 


to .067 
to .10 
to .072 
to .005 



In the tropical regions, according to Humboldt, so reg- 
ular are the diurnal changes, that the barometer indi- , 
^^'TK^^"^ time, within a quarter of an hour. > 

1 hese daily fluctuations, in the atmospheric presstirOi 
jor a long time, perplexed meteorologists, but their cause 
*^a8, at length, been discovered, by means of the late ob- 
servations, at the English observatories. They are 
lound to arise from the stated variations in temperature, 
vnat occur during the day. 

, ^-^RiATioNS IN Altitude. As we ascend above 

tne surface of the earth, we leave a portion of the at- 
^osphere below us, and are freed irom its pressure. 
1 nis fact is denoted by the fall of the barometer. When 
*J[e Luc, a French philosopher, ascended to the height 
?ftQQ ^®®^ ^^^ barometer sunk to twelve inches. In 

Aod8, the aeronaut Grreen, rose from Vauxhall gardens, in 
J-iOndon, to an elevation of nearly three miles and three 
quarters; the mercury in the barometer gradually de- 
scending, from thirty inches to fourteen and seven-tenths. 
25. As a general rule, this depression, near the sur- 
face of the earth amounts to one-tenth of an inch for 
^ery eighty-seven yeet in altitude ; but where perfect 
^curacy is required, several corrections must be made. 
•*ae barometer then becomes, in the hands of skillful 
ODservers, an important instrument for determining alti- 
^ues, and so exact are its indications, that two inde- 

^ive examples. 

^*^t is said by Humboldt of their regularity in the tropics % 
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EeDdent estimates of the height of Mount iEtna, made 
y means of this instrument, differ only one foot ; that 
of Capt. Smyth being 10,874 feet, while Sir John Her- 
schePs is 10,873 feet. 



DENSITY OP THE ATMOSPHERE. 

26. When one portion of the atmosphere is said to 
be more dense than another, all that is meant is simply 
this ; that a given volume, or bulk, of the first jwrtion^ 
as one gallon, contains more aerial particles than an 
equal volume of the second ; thus, if it contains twice as 
many particles, it is said to be twice as dense. 

27. The density of the atmosphere decreases with 
the altitude. This result is caused by the diminished 
pressure of the air, and the decreasing force of gravity. 
Imagine the atmosphere to be divided into a vast num- 
ber of thin, concen- pj^ 2. 
trie strata, which in 
figure 2, are repre- 
sented by the spaces 
between the lines 
1-2, 2-3, 3-4, 4-5, 
&c. 

Now it is clear, 
that the particles in atmospheric strata. 

each layer are pressed together by the whole weight of 
the atmosphere above them, while, at the same time, 
they are drawn together by the force of gravity. Vari- 
ations in the latter power are only appreciable at great 
distances from the earth, and the observed changes in 
density, at two or more stations, may therefore be as- 
cribed to the difference in the weight or pressure, of the 
superincumbent atmosphere. The height of the barom- 
eter, at different elevations, thus denotes the density of 
the air at these points. . 

. : "^initi-rr1hv\ tO*^?IP 
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28, The density, however, is not exactly proportioned 
to the pressure, slight modifications arising, from sev- 
eral causes ; the most important of which is tempera- 
ture. The heat of the atmosphere decreases with the 
altitude, and since heat expands, and cold contracts a 
given volume of air, liuth part of its bulk, at 64, , lor 
eveiy degree Fah.; or in other words, thus lessens ana 
increases its density, a correction must be made loi i 
influence. , . , -.^u 

, 29. It has been found by calculation, ^^^'^^'^'fj,^ 
observations, that, if the altitudes are representeaoy t^^ 
increasing arithmetical series, the densities oj ^^^^^ 
mosphere decrease in a geometrical P^^S^^^f ^*?^„\.nmeter 
if at the height of 18,000 feet the air, as the tja^^m ^^^ 
indicates, is but half as dense, as at the sur a ^^^^^.^^j 
earth ; at 36,000 feet it will be reduced to ^T^'^^.^y. 
and at 54,000 feet to one-eighth of its orig^J^a-^^^ ^^^^_ 

30. The rarefaction of the air at lofty ^^^."J^n/ ^^^ 
sens the intensity of sound, impedes vespi ^^^ open, 
causes the minute veins of the body to ^^^^^qY^oou the 
Thus, at a short distance, the report of ^1? i^^^rd. ^^^ 
summit of Mont Blanc, can scarcely he g^^g^UooP^to 
Lussac and Biot, ascending from Paris, ^^ . ^^t^ dif&- 
the height of 25,000 feet, breathed wi^^^ J^!:!r the hps ^t 
culty, and upon the high table lands of ^^ vJloodflo^®^ 
Dr. Tschudi, cracked and burst; whil^ ^^^ 
from the veins of his eyelids. ressute, water 

In consequen<:e of this diminution ox p ^^^ temp^' 
boils, in such situations, at a compara-^^'^^lry feet ahove 
rature; thus, at Quito in Equador, ^'^e temper a-t*^^® 
the sea level, ebullition takes place at ^^ 
of 196° Fah. 



In what manner does temperature affect the derisi*^ illustrate. 
What is the law of decrease in reference to altituci^ ^ instances 
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WEIGHT OF THE ATMOSPHERE. 

31. We have seen, that a column of mercury, about 
thirty inches in height, weighs, at the surface of the 
earth, exactly the same as a column of the atmosphere, 
possessing the same base. If then the globe was cov- 
ered with an ocean of mercury, thirty inches in depth, 
the latter would occupy the identical base that the at- 
mosphere does now, and their respective weights might 
be regarded as equal. 

32. Under this supposition, the diameter of the earth 
would be increased five feet. The difference then, in 
cubic feet, between the solidity of the earth, and that of 
a globe, whose diameter is five feet greater, will equal 
the number of cubic feet in the sea of mercury. This 
number multiplied by the weight of a cubic foot of mer 
cury, viz. 848,125 lbs., will equal that of the whole mass, 
which is the same as the weight of the atmosphere. This 
calculation has been made, and amounts to more than 
five thoiAsand billions of tons. 

TEMPERATURE OF THE ATMOSPHERE. 

33. The entire body of air surrounding the globe ap- 

Eears to be warmed in two ways ; first by the luminous 
eams of the sun, secondly, by the radiation of heat 
from the earth. 

34. According to Kaemtz and Martin, the atmo- 
sphere absorbs nearly one-half the daily amount of heat, 
which emanates from the sun to the earth, even when 
the sky is perfectly serene. The remaining portion fall- 
ing upon tne surface of the ground, elevates its tempera- 
ture, and the earth sends back into the atmosphere rays 
of invisible heat. 
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tion of non-luminous, than of luminous calorific rays 
The heat, therefore, that radiates from the earth will 
not pierce the atmosphere, with the power of the solar 
my; all will be retained by the lower strata of air 
which in their turn, diffuse invisible thermic rays in 
' every direction. ' ' 

36. We thus perceive, what all observations have 
proved, that the upper regions of the atmosphere must 
be colder than the lower. It is not, however, to be for- 
gotten, that the rarefaction of the superior strata con- 
tributes to this condition. 

THERMOMETER. 

37. The temperature of the atmosphere is indicated 
by the thermometer, an instrument, which derives its 
name from the Greek words, thermos, warm, and vnetron, 
measure. It consists of a small glass tube, terminated 
by a bulb, and is partially filled with mercury. 

This fluid is usually preferred for several reasons, the 
most important of which are, its iUniforTn dilation, its 
quick susceptibility to any change in temperature, and 
the great range of its expansion in the fluid state. If 
the instrument is to be exposed to extreme cold, alcohol 
must be used. 

38. As mercury, like other fluids, expands by heat, 
and contracts by cold, its alternate elevations and de- 
pressions within the tube, can be made to indicate the 
corresponding changes in the state of the air, if two 
fixed temperatures can he found, whence to reckon the 
changes. These have been discovered. If a thernoom- 
eter is immersed, at different times, in melting snow, 
the column of mercury invariably sinks to the same 
place in the tube, though many months may have 
elapsed between the experiments; and, when exposed 
to the steam of boiling water, the mercury always as- 
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Fig. 3. 



Boiling point 



cends to the same height, under the same atmospheric 
pressure. 

39. These invariable positions, which are termed the 
freezing and the hoiliiig points, are marked upon the 
scale to which the tube is affixed. In Fahrenheit's ther- 
mometer, figure 3., the interval 
between them is divided into 180 
parts, each of which is called a 
degree (1°) and as the freezing 
point is marked 32°, the boiling 
is therefore 212°. The divisions 
are extended downwards- from 
32° to 0, or the zero point, and 
when extreme degrees of cold are 
to be measured, the range is con- 
tinued to 20°, 40°, and even 60° 
below zero. If the air is colder 
than 40° below zero, a spirit ther- 
mometer must be used, since mer- 
cury becomes solid at this tem- 
perature.' When Simpson, a late 
northern traveller, wintered, in^ 
1838, at Fort Confidence, 67° N. 
lat., he cast a bullet of mercury, 
the temperature being 49° below 
zero. Upon firing the ball, it passed through an incti 

Elank, at the distance of ten paces ; but flattened and 
roke against the wall, three or four paces beyond. In 
addition to the mode of graduation adopted by Fahren- 
heit, several others prevail (C. 670), which it is not ne- 
cessary here to discuss. 

40. The thermometer employed for meteorological 
purposes, should be made as accurate as possible, and in 



, Freezing point 
, Zero. 



FAHRENHEIT'S 
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Into how many intervals is the space between them divided in Fahren 
heit's scale 1 What are the intervals called 1 
How many degrees is the freezing point 1 D\m^e6 by CjOOQ IC 

How many the boiling point % O 

What 19 the zero point 1 
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order to ensure its perfection, many niceties must be ob- 
served in its construction. 

41. First. The tube should be of equal size 
throughout the whole stem ; else the same increase of 
temperature will not produce the same increase in the 
height of the mercury, throughout every part of the 
tube ; and so of the decrease. ^ 

Secondly. The bulb should be large in proportion 
to the tube ; for then sh'ght changes in temperature will 
be rendered perceptible, and the delicacy of the instm- 
ment increased. 

Thirdly. The mercury should be pure, dry, and 
recently boiled, in order to free it from air ; and, when 
m the tube, should there again be boiled, to drive off 
any air or moisture collected within. 

Lastly. When the mercury is at the summit of the 
tube, and every thing else has been expelled, the top of 
the tube must be perfectly closed by the fusion of the 
glass, leaving, when the imrcury has cooled, a void 
space or vacuum, above, 

42. When a thermometer has been exposed to great 
changes in temperature during the course of a year, 
the position of the freezing point upon the scale is 
found to be somewhat altered ; for, if the instrument is 
then placed in melting snow, the mercury is usually 
^en to stand a little higher than 32°, and less than 33°. ^ 
This change would occasion a constant error in the ob- 
servations, and meteorologists therefore verify their 
thermometers at stated intervals, in the way iust men- 
tioned. 

SELF-REGISTERING THERMOMETER. 

43. The object for which this instrument is con- 
structed, is to obtain, in the absence of the observer, the 
highest and lowest temperature of the dat/, or of any 
other interval of time. 
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One of the most correct thermom- ^- *• 

eters of this kind, now in use, is that 
invented by Mr. James Six, of Col- 
chester, which is represented in Pig. 4. 

It consists of a long glass bulb, G, 
narrowing into a fine tube, which is 
first bent downward, forming the 
arm a 6, and then upwards, forming 
the arm c d, which terminates in a 
small cavity, L. The two arms con- 
tain mercury, which extends down 
from a on one side, and up to c on 
the other : the bulb and the rest of 
the tube are filled with alcohol, ex- 
cept the upper part of the cavity L. 
Upon the top of the mercury in each 
arm rests an index (which is more 
perfectly seen at A), consisting of a 
piece of iron wir« capped with ena- 
mel, and loosely twined with a fine 
glass thread ; when the mercury de- 
scends, the index would fall, were it 
not for the glass thread, which, press- 
ing like a spring against the sides of 
the tube, supports the index, in any 
position. 

44 The action of the instrument 
is as follows : When an increase of temperature ex- 
pands the spirit, the mercury is depressed in the arm 
a 6, and elevated in c rf, carrying the index up with it. 
If the temperature now falls, the spirit contracts, and 
the mercury descends in c d ; but the index remains in 
its last position, from the pressure of the glass spruig 
against the tube ; and, as it does not fit tightly to tlie 
latter, the alcohol above it flows readily by. 

As the cold augments, the mercury rises in a 6, bear- 
ing up the index of this arm, until an increase of tern- 
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index coatinues stationary. Thus, the highest point to 
which the index rises in the arm, a 6, indicates i\\Q least 
temperature, and that in erf the greatest^ that happens 
in any interval of time, as a day, or a year ; and the 
scale, as is evident from the figure, is graduated accord- 
ingly. 

45. After every observation, each index requires X.0 
be adjusted ; this is done by means of a magnet, which, 
being moved down the side of the arm, draws the index 
after it 

Another instrument of this kind was invented by 
Rutherford, (C. 575.) 

MEAN DAILY TEMPERATURE. 

46. The mean or average temperature of the day, 
would be accurately found by observing the thermom- 
eter at intervals of an hour during the whole twenty- 
four, and dividing the sum of the temperatures by the 
number of observations, viz., twenty-four. This method 
is however too laborious, and meteorologists have en- 
deavored to arrive at the same result from two or three 
daily observations. 

47. According to Kaemtz, a celebrated Gernian me- 
teorologist, if, in Germany, the thermometer is noted at 
6, A. M., 2, P. M., and 10, P. M., and the sum of Uie 
temperatures divided by three, the quotient will diner 
but little from the true mean. The rule adopted in tlae 
State of New York, under the direction of the Regents 
of the University, is as follows : u* A 

Mark the temperature, first, between daylight ana 
sunrise; secondly, between 2 and 4, P. M. ; thirdly, an 
hour after sunset : add together the first observaiwn, 
twice the second and third, and the first of /^^, ^^f 
day, and divide the sum by six ; the result will be the 
mean, ^ 

The mean daily temperature at Philadelphia has i^ 
been found, from the hourly observations of Capt. Mor- ^ 
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decai, to be one degree less than the temperature at 
9, A. M. 

48. By taking the average of all the mean daily tem- 
peratures throughout the year, the mean annual tem- 
perature is ascertained. It is also obtained by the aid 
of the self-registering thermometer, the average of the 
two extreme temperatures being regarded as the mean 
of each day. 

49. Variations of Temperature in Latitude. 
By comparing situations differing widely in latitude, it 
is found that the average annual temperature of the 
atmosphere diminishes from the equator towards either 
pole. This will be seen from the annexed table, which 
presents the results at the sea level, for nine places. 



PLACES. 


LAT. 


TEMP. 


PLACES. 


LAT. 


tb:mp. 






Fahren. 






Palxren. 


Falkland Isles, 


51° S. 


47° .23 


Calcutta, . . 


22°35'N. 


78° .44 


Buenos Ayres, 


34° 36' S. 


62° .6 


Savannah, . 


32°05'N. 


64° .58 


Rio Janeiro, . 


22° 56' S. 


73° .96 


London, . . 


51°31'N. 


50° -72 


Maranham, . 


2° 29' S. 


81° .32 


Melville Isle, . 


74°47'N. 


1.66 be. 


Trincomalee, 


8°34'N. 


81° .32 






low zero. 



50. From this table it is also evident, that places hav- 
ing the same latitudes, in the two hemispheres, do not 
necessarily possess the same average temperature. 
This is owing to a great variety of local causes, the 
effect of which cannot always be accurately estimated. 

51. Variations in Altitude. The temperature of 
the air diminishes with the altitude^ but the law of de- 
crease is very irregular, being affected by the latitude, 
seasons, hours of the day, and a diversity of local cir- 
cumstances. It may however be assumed, as a gen- 
eral rule, that a loss of heat occurs to the extent of one 
degree Pah. for evert/ 343 feet of elevation. This is an 

How is the mean annual temperature found 1 Digitized by CjOOQ IC 
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average result, for the rate of decrease is very rapid near 

the earth, after which it proceeds more slowly, but at the 

loftiest heights is again accelerated. 

52. During the wintef of 1838, the French scientific 

commission stationed at Bossekop, in West Finmark, 
o9^ 58 N. lat., found this law partially reversed, amid 
the rigors of a polar clime ; the temperature of the 
atmosphere increasing, nearly, 3° Fah. for the first 328 ^ 
feet in height ; beyond this limit it began to decrease, at ' 
nrst slowly, but afterwards with greater rapidity. Dur- 
ing the summer, the temperature decreased with the 
altitude. 

53. As a consequence of this gradual reduction of 
fieat, a point at length may be attained, in any latitude, 
II we continue to ascend, where moisture, once frozen, 
always remains congealed. Hence, arise the eternal 
snows and glaciers, that crown the summits of the high- 
est mountains. 

54. Since the mean temperature of the air \l^^^^^^^ 
at the equator, and sinks towards either pole, the poinds 
of perpetual congelation are farthest removed above tne 
ocean-level within the torrid zone, and g^^d^^Jy "g^ 
proach nearer the general surface of the earth, with tne 
mcrease of latitude; as the following table shows. 




/ 



eve. in THH^'f ^^P^rture from tho 
malehs thl ' ^^' 7^'^^ ^" ^^e south 
maiebs,^ sno^vjineoccurs at the 

Was it found true at Bossekop? 



i-ule exists, how- 

Jide of the Him; 
iaeight of ^out 



32 THE ATMOSPHERE. 

13,000 feet, on the northern acclivity it rises to the alti- 
tude of 17,000. Many explanations of this singular fad 
have been given, which admit not of discussion here. 

HITMIDITY OF THE XtMOSFHERE. 

56. At all temperatures moisture resides in the atmo- 
sphere, self sustained, in an invisible state. Between the 
particles of air intervals are believed to exist, which are, 
either partially, or wholly, filled with the vapor that 
constantly rises from the earth. 

67. This pecuHarity in the constitution of the atmo^ 
sphere is termed the capacity of the air for 7fu>isture, 
and when the intervals are full of vapor, it is said to be 
saturated. An increase of temperature, by dilating the 
air, separates the particles farther from each other ; the 
intervals are thus enlarged, and the capacity of the air 
increased. A diminution of temperature is followed by 
contrary effects ; the size of the intervals is then redu 
oed, and the capacity lessened. 

68. The capacity increases, however, at a faster vate 
: han the temperature. A volume of air, at 32^ Fan. is 
capable of containing a quantity of moisture, equal to the 
J60th part of its own weight ; but for every twenty sevev 
additional degrees of heat, this quantity is doubled. 

Thus a body of air can contain. 

At 32° Fah. the 160th part of its own weight 
« 59° " 80th " " 

" 86° " 40th " " 

« 113° " 20th « '' 

From this it follows, that while the temperature ad- 
vances in an arithmetical series, the capacity is accel- 
crated in a geomstrical progression. 



What departure from this rule exists 1 

What does the atmosphere contain at all temperatures 1 

What is meant by the capacity of the air for moisture 1 

When is the air said to be saturated 1 Digitized by CjOOQ IC 
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59. Assoi-tJXE Humidity. Prom the cause fust men 
tioned, it would naturally be inferred, that the quantity 
01 atrnosphenc vapor, or the absolute humidity, i8 cTeat- 
est m the equinoctial regions, and diminishes towards / 

eimer pole ; a conclusion abundantly supported by facia I 

as Will be shown hereafter. 

oO. The air over the ocean is always saturated, and 
upon the coasts, in equal latitudes, contains the greatest 
possible amount of vapor ; but the quantity decreases as 
we advance inland, for the atmosphere of the plains of 
i^ronoco, the steppes of Siberia, and the interior of New 
Holland, is naturally dry. 

^^- The absolute humidity diminishes with the alti- 
tude, but the rate of reduction is not fully known. By 
comparing different seasons and hours, it is found to bo 
greater in summer than in winter, and less in the morn- 
iflg than at about mid-day. 

62. Relative Humidity. This must not be con^ 
lound^d with absolute humidity. By relative humidity 
ts understood the dampness of the atmosphere, or its 
proanmtty to saturation ; a state dependent upon the 
nautual mfluence of its absolute humidity and tempera- 
ture; for ag-iven volume of air may be made to pass 
irom a state of dampness, to one of extreme dryness, by 
merely elevating its temperature, without altering, in the 
least, the amount of moisture it contains. 

1 hus one hundred and sixty grains of air, containing 
one grain of vapor, would be damp at 36° Fah., but hot 
and withering at the temperature of 90°. By the reverse 
of this process, a body of hot air will not only become 
humid, but will even part with a portion of its original 
^^ao"^^^' if it is cooled down to any great extent. 

63. From the numerous observations of Kaemtz, at 
«aJJe, and on the shores of the Baltic, it appears that 
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the relative humidity, in those situations, is highest m 
the morning before sunrise, and lowest, or farthest re- 
moved from the point of saturation, at the hour of the 
greatest diurnal heat. Corresponding results have been 
obtained in this country. 

HYGROMETER. 

64. Those instruments by which the humidity of the 
atmot>phere is measured are called hygrometers^ from 
the Gfeek words ugroSj moist, and metrouj measure. Of 
these there exists a great variety, differing both in form 
and piinciple ; but those are esteemed the most accurate 
m thoK indications, that are constructed upon the prin- 
ciple of condensation, to which allusion has already 
oeen made, (Art. 62,) but a more extended explanation 
IS here required. 

65. Imagine a brightly polished metallic vessel, par- 
tially filled with water, at the temperature of 60° Fah., 
t4) be placed in a room at the same temperature. If 
pieces of ice are now thrown into the vessel, the water 
is gradually cooled down, and as this reduction proceeds, 
the lustre of the exterior surface will be dimmed, at a 
certain moment, by a fine dow. This is caused by the 
deposition of moisture from the atmosphere, which, in 
contact with the cold surface of the vessel, is now cool- 
ed down just beyond the point of saturation. The tem- 

. perature of the water at this instant, which is the same 
as that of the vessel, is termed the dew-point. 

66. By marking the difference, in degrees, between 
the temperature of the air and the dew-point, the rela- 
tive dryness of the atmosphere, or its remoteness from 
saturation is obtained. But observations, like these, 
lead also to other important results ; for, by the aid of 
tables, giving the elastic force of aqueous vapor, at dif 
ferent temperatures, the absolute weight of the vapor, 
difi*used through a given volume of air can be determin- 
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ed, and likewise the proportion it contains, to that which 
would be required to saturate it. 

67. The hygrometer of Prof. 
Daniel], which is extensively 
used, is thus constructed. 

A glass tube, e i, figure 5., is 
bent twice at right angles, and 
terminated by two bulbs, b and/, 
of the same material. The bulb 
6 is partly filled with ether, into 
which is inserted the ball of a 
delicate thermometer, d, enclosed 
m one arm of the instrument. 
All air IS excluded from the tube, 
which is filled with the vapor of 
ether; the other bulb,/, is cov- 
ered with a piece of fine mus- 
lin, a, and upon the pillar, ff h, btorombtb.. 
a second thermometer, k I, is fixed. „,bein- 

placed by an open window, or out of doors, a .^w mop^ 
of good ether are suffered to fallupori the musbn-cove^^ 
bulb, which, from the rapid evaporation of tbe/V^ 
soon becomes cool, condensing the ethereal vapoiJ^U 

!•«;., ?h'°°'*''"-°*^^ °^ ^^'^ «ff«ct, the ether i^bev P 
lates, thus causmg, not only in the ether, but also m 
enclosing bulb a reduction of temperature, whioh 
measured by the interior thermometer, e d- ^^,e of 

As the evaporation at a proceeds, the tempei^W ^ 
6 still continues to fall, and, at a certain poP^V^fdeW 
mospheric vapor will be seen gathering" i" * "^f 2 this 
upon the glass, and the di/erence i» ^^^'f «' .^^me- 
moraent, between the externil and i^*-^T\1^oZhexe. 
te. denotes the relative dryness of t,he atmospn^ ^^ 
J^o"'' 'i °l! °"« f^y the exterior therrraometer ^^^ 
Hh '^.f ^"^^'^^^'^ ^"n*^ to 50° ere *he dew-.m| V^ 
peaied-and on another, the former was at ^3 > ana 
latter had descended to 68° before the grlass was dimm Jgic 
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with moisture — in the first instance the dryness of the 
atmosphere would be indicated by 15°, and in the second 
by 5. 

69. The action of this instrument is almost instan* 
taneous, for the enclosed thermometer begins to fall in 
two seconds after the ether is dropped. It is usual, 
where great precision is required, to read off the de- 
grees of the interior thermometer at the moment the 
dew-ring appears, and also at the moment it vanishes ; 
the average of the two observations being taken as the 
true dew-point. 

70. In England the dew-point is seldom 30° Fah. 
below the temperature of the air ; the greatest differ- 
ence at Hudson, Ohio, as given by Prof. Loomis, is 36°. 
In the tropical regions its range is the most extensive ; 
for, in the burning cUme of India, the dew-point has 
sometimes sunk as low as 29°, while the temperature 
of the atmosphere was 90° — a difference of sixty-one 
degrees. 

71. Height op the Atmosphere. Whether the 
atmosphere is boundless or not, is a question which 
natural philosophers have been unable to determine. 
De Luc regards it as unlimited, and imagines the plan- 
etary spaces to be filled with a medium so exceedingly 
attenuated as not to retard the motions of the heavenly 
orbs. The earth and the various celestial bodies are 
supposed to condense this subtil fluid around them into 
an atmosphere, by virtue of their respective attractions. 

72. Were this true, the densities of the atmospheres 
thus formed would differ, on account of the variations in 
the size and mass of these bodies. It therefore consti- 
tutes a strong objection to this hypothesis, that the den- 
sity of the atmosphere of Jupiter (as shown by the re- 
fraction of the hght of his satellites, at the period of their 
eclipses) is not superior to that of our own ; although 

^ the force of attraction at the surface of this planet is al-i 
'^' '^^ ^ o 



most three t 
over, when A 
atmosphere, 
her size is m 

73. Those 
ited, suppose, 
the expansive 
by the force 
infinite void « 
to be not far 
globe. 

74. Which 
that the atmc 
Wollaston ha 
phere, at the 
ciently dense 
luminaty is h 
mitting sound 
meteoric body 
Jiftt/ miles, th 
of a cannon, 
is truly assign 
istence of the 1 
from the earth 



What do the adrc 
How far is this p 
At what height d( 
At what altitude t 
What Inference is 



Digitized by VjOOQiC 



PART 11. 

AERIAL PHENOMENA. 



CHAPTER I. 

OP WINDS IN GENERAL. 

75. Cause of Wind. Wind is air in motion^ occur- 
ring whenever the repose of the atmosphere is broken, 
from any cause whatsoever. It is usually the result of 
a change of temperature, and consequently of density, 
but the rush of an avalanche, causing a sudden displace- 
ment of a vast volume of air, has been known to pro- 
duce a momentary wind of great violence, along the 
borders of its path. 

76. If two contiguous, upright columns of air, with 
their bases at the same level, are unequally heated, the 
colder is the denser, and at its base a current will flow 
towards the lighter column, (just as the compressed air 
within a bellows streams out into the rarer atmosphere,) 
but at the top, to supply this loss, a counter current pre- 
vails. 

77. This is illustrated by Franklin's simple experi- 
ment; if a door is opened, communicating between a 
warm and cold room, and a lighted taper then placed at 
the bottom of the doorway, the flame is bent towards the 
warm apartment ; but if held at the top, its direction is 
reversed. 

78. On account of the unequal distribution of heat 
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over the surface of the globe, phenomena like these occur 
m nature, on a widely extended scale ; for if two neigh- 
boring countries are unequally heated^ the air above 
them partakes of their respective temperatures, and 
there arises ai the surface of the earth, a wind blowing 
from the colder to the warmer region, while at the same 
time, a directly contrary current prevails in the upper 
strata of the atmosphere. 

79. Velocity. Every gradation exists in the speed 
of winds, from the mildest zephyr, that scarcely bends 
the flower, to the most violent hurricane, which pros- 
trates the giant oak, and hurls to the ground the proud- 
est works of man. They have been classed as follows, 
by Smeaton, according to their rapidity and force. 



VekMjity of the wind, 
miles per hour. 



1 

4 

5 

10 

15 

20 

25 

30 

35 

40 

50 

60 

80 

JOO 



Perpendicular force on one square 
loot in lbs. avoirdupois. 



.005 

.079 

.123 

.492 

1.107 

1.968 

3.075 

4.429 

6.027 

7.87^ 

12.300 

17.715 

31.490 

49.200 



"Common appellation of 
such winds. 

Hardly perceptible. 

X Gentle wind. 

I Pleasant brisk gale.] 



Very l^ig^- 
Storm. 
Oreat Storm. 
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uvc. «.c surmoe oi me globe ; for the •- 
T?nn?»T° ^*^ '^*'"" Liverpool, in 1839, to ^"\V"=g^iong 
14 000 feet, encountered a current tha,t bore J^^^^ding 
at the rate of five miles per hour but «po» ° \^f rarV 
to the altitude of 12,OoJ'Lt he m«t ^-^'}^ ::T^oS- 
wind, blowing with a velocity of eight.y roile9pe^_^^__ 
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On one occasion, his balloon was carried over the space 
of ninety-seven miles in fifty-eight minutes. 

81. Anemometer. The velocity of the wind is esti- 
mated by the anemometer^ an instrument so called from 
the Greek words, anemos^ wind, and Tnetron, measure. 
One of the best is Woltmann's. It consists of nothing 
more than -a small windmill, to which is attached an 
index, in order to mark the number of revolutions pei 
minute; the number of course increasing with the speed 
of the wind. Now if the atmosphere is still, and the 
anemometer is carried against it at the rate, for instance, 
of ten miles per hour, the number of its revolutions 
will be exactly the same as if the instrument was sta- 
tionary, and the vanes rerolved by the force of a breeze 
possessing the same velocity. 

82. If then, upon a calm day, the anemometer is 
taken upon a railroad car, moving, for example, at the 
speed of twenty miles an hour, and the number of revo- 
lutions for half an hour accurately noted, we can obtain, 
(by dividing this result by 30,) the number of revolu- 
tions per minute, corresponding to those of a wind hav- 
ing a velocity of twenty miles per hour. In this manner, 
a* table adapted to the instvument can be constructed 
for all winds, moving with a greater or less rapidity. 

The velocity of the higher aerial currents is ascer- 
tained by the speed with which the shadow of a cloud 
passes over the surface of the earth. 

83. Force. The force of the wind is obtained, by 
observing the amount of pressure it exerts upon a given, 
plane surface, perpendicular to its own directions. If 
the pressure-plate acts freely upon spiral springs, the 
-power of the wind is denoted by the extent of their 
compression^ and that weight will be a measure of its 
force, which produces the same effect upon the springs. 

This instrument, which is also termed an anemometer^ 
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is constructed in exactly the same manner as a letter 
>veigher, where a weight of half an once compresses lb« 
spiral, bringing down the index to a certain division of 
the scale. 

84. If, however, the velocities of the different winds 
*^« already known, and the force of one obtained, those 
of the rest can be found by the following rule, viz. thai 
thetr forces are as the squares of their velocities. For 
instance, if the power of a gale, possessing the speed of 
twenty miles an hour, is known to be 1,968 pounds on a 
squai-e foot, that of a storm with a velocity of fifty miles 
can thus be ascertained by a simple proportion. 
(20X20) (50x50) lbs. lbs 

400 13 to 2500 as 1,968 is to the answer 12,30. 

Should the forces be known, it is obvious that the 
velocities can be computed by reversing this process. 

Winds may be divided into three classes, constant, 
PERIODICAL, and variable. 

COKSTANT WINDS. TRADE WINDS. 

85. The most remarkable instance of the first class 
IS that vast current, which, in tlie torrid zone, is ever 
sweeping around the globe, in a westerly direction ; and, 
fiom Its advantage to commerce, in always affording a 
steady gale to the bark of the adventurous manner, is 
denominated the trade wind. ^ ^ ,^ 

86^ So uniform is its motion, that on the voyage from 
the Canaries to Cumana,on the northern coast of SoutU 
America, it is scarcely necessary to touch a sail; and 
with equal facility, the richly laden Spanish galleons 
I®'?,accustoxned to cross the Pacific from Acapulco to 
tie PhHippine Isles. . . u u *v. ^ 

»/• Origin. The cause of this wind has been thus 
explained by Halley, an English philosopher. From th© 
vertical position of the sun, the r egions near the equator |^ 
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are intensely heated, while those more remotely situated 
are less so ; the temperature gradually diminishing to- 
wards either pole. (Art. 49.) In accordance with the 
principles just unfolded, (Art. 78,) an upper current will 
flow from the equator towards the poles, and a cold cur- 
rent at the surface of the earth, from the poles and the 
higher latitudes, towards the equator. Here the air, 
becoming rarefied by the heat, rises, and mingling with 
the upper wind flows back again to the polar climes ; 
thus establishing a perpetual circuit. If then the at- 
mosphere was subject to no other influences, a north 
wind would prevail in the torrid zone, in the northern 
hemi'Sphere, and a south in the southern; but these 
directions are modified by the rotation of the earth, in 
the following manner. 

88. Every thing upon the surface of the globe at the 
equator, is carried towards the east, at the rate of about 
sixty-nine miles in four minutes ; but as we recede to 
the north or south of this line, the eastern velocity is so 
diminished, that at the latitude of 60° it is reduced to 
one-half, and at 83° to less than one-eighth of its original 
amount. 

A wind, therefore, blowing from the high latitudes 
towards the equinoctial clime, is constantly passing into 
regions where all terrestrial objects have a greater east- 
erly velocity than itself. They will consequently move 
against it, and as they are apparently stationary, it will 
thus acquire a relative westerly motion. Just as when 
a traveler, outstripping the wind that blows at his back, 
feels a breeze directly in his face. 

89. Thus, the polar wind in the northern hemisphere 
is influenced by two forces at the same time, one of 
which carries it to the south, and the other to the west ; 
and the course it assumes by their combined action must 
be according to the laws of compound motion, (C. 249,) 
some intermediate direction, tending from the north- 
east to the south-west : and such is the^fact, accordinff 
to all observations. 
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erli ^\"^^i^^' manner, the lower current in the so 
' ^ /lewt^pAere, acquires a direction from the soutk- 

tion ' ^ P^^^^S® ^f a vessel across a river is an illus 
from*'^ point. If the vessel is steered before the wi 
to T Th ^ ^K ^^^^' ^^^^^ ^^^ stream is flowing from no 
ir»,^^^ ' ^^li be seen by a spectator on shore s 

%nT T^^"^^«^ ^^ south-west. 
^rarf' • Atlantic and Pacific, the breadth of 

of th*^ ^"c^eases as they flow towards the western she 
the e ^^^ K^^^ oceans, the wind gradually changing 

91 ^^h ^ ^'^® mutual action of the two currents, 
than th ^^^^ ^® heated by the sun far more intens 
rays W' ^^^^^' "^^^^ ^^ owing to the fact that the s< 
tratin ^^^P'^^Y the surface of the earth, scarcely p( 
same ^'^^ ^^^^ ^^ ^^^ course of a day, while during 
fatboxn ^^^ ^^^^^ pierce the water to the depth of m 
8UXX CO ^ ^' ^^^ • ^^^^ computed that the beams of 
a given^^^^^^^^^^ ^^^^ ^ hundred times more hej 
Water n^^^^^ of ground than to an equal surfac 
cohtine ^'^^^ SLCcount, the proximity of highly he 

these \xr^^^ prod noes local variations in the directic 
land a ^^^'> ^^^ ^^^ air, being more rarefied ovei 
the trad^^^^^' aiirf to supply its place, the cooler s 
92 rp^® sets irx from the sea towards these localit 
dor and n^' ^^ <^lie African coast, between Cape 
thehmif P® Vem-de, a north-west wind prevails i^ 
Sierra r ^^^^e rifc orth-east trade ; and oflT the coast, trom 
gradual! ^^® to ttie Isle of St. Stephen, the trade wind 
to the w^ chang-^s to the south and south-west, veering 
cause ty^^^ ^^ ^^ stpproaches the shore. From the same 
the rrio ^^ south-e^ast trade becomes a south wind along 
^^coasts of Chili and Peru. 

^^e DorH^^^® ^^ THE Trade Winds. In the Pacific, 
_^^_^^^^-east trade wind prevails between the S5th 

Whati^Th *' uiylil^edbyLiOCTQ IC 

What is .^ Southern Iiemisphere 1 Illustrate the subject. 
W7L - Said of tv,^ *^-m-^^^*u «f ♦u^ ♦ I /> 
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and 2d degree of north latitude. The extent of the 
south-east trade is not precisely ascertained, but it prob- 
ably ranges from the 10th to the 21st degree of south 
latitude. In the Atlantic, the former is comprised be- 
tween the 30th and 8th degrees of north latitude, and 
the latter within the limits of the 3d degree of north 
and the 28th degree of south latitude. 

94. The limits, however, are not stationary, but are 
dependent upon the season — advancing towai'ds the 
north during the summer of the northern hemisphere, 
and receding to the south as the sun withdraws to the 
southern tropic. Thus, on the west coast of Europe, the 
north-east trade has been found to extend as far as Ma- 
deira, and even to Mafra, in Portugal 

95. Calms. In the vicinity of the Cape Verde isles, 
between the 8th and 3d degree of north latitude, is a 
tract denominated by mariners the rainy sea. This 
region is doomed to continual calms, broken up only by 
terrific storms of thunder and lightning, accompanied 
by torrents of rain. A suffocating heat prevails, and 
the torpid atmosphere is disturbed, at intervals, by short 
and sudden gusts, of little extent and power, which 
blow from every quarter of the heavens, in the space of 
an hour — each dying away ere it is succeeded by an- 
other. In these latitudes, vessels have sometimes been 
detained for weeks. 

In the Pacific, the region of calms is comprised within 
the 2d degree of north and south latitude, near Cape 
Francis and the Galapagos islands — a narrow belt of 
ocean separating the two trades. Here, likewise, dread- 
ful tempests prevail. 

96. According to Humboldt, a similar state of the at- 
mosphere exists, during the months of February and 
March, on the western coast of Mexico, between the 
13th and 15th degrees of north latitude, and 103d and 
106th degrees of west' longitude. A ship, richly laden 
with cocoa, was here becalmed for the space of twenty- ~ 
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eight days, when the water failing, the crew were com- 
pelled by their sufferings to abandon the vessel and 
seek the shore, eighty leagues distant, in an open boat. 

W. The calms are supposed to be caused in the fol- 
lowing manner. The adjacent continents to the east 
of these stagnant regions being far more intensely 
heated than the sea, the air over the latter would rush 
easterly towards the land, were it not arrested by a con- 
trary impulse in the direction of the trade wind. If 
these opposing forces are at any time equally strong, the 
atmosphere is motionless, a^ a dead calm ensues— 
just as a vessel, in ascending a stream, continues sUi- 
tionary when the power of the wind is exactly balanced 
by that of the current. When, however, t^^ relative 
strength of these forces rapidly changes, those short and 
sudden gusts which have been noticed wiU arise, as one 
^'^no ^^^' of these impulses prevails. j, _ 

98. The presence of a highly heated region ssti^ 

ngly marked in the case of the rainy sea. Toj-^^jJ 
l»es the great African desert, from whose burning suj*^ 
a vast volume of hot and rarefied air is perpetually ris 
.ing-. 

Another, cause must not be forgotten, ^^^^ ^P^Ws 
more particularly, to the calms near Cape Fiands^^ "JJ 
tract ,s directly under the equator, and from *« I*^"^^^ 
situation, the upward current of rarefied air « ^S 
here so strong as to neutraUze the action of the tiaae 
Winds. ° 

The li«it3of the calms vary also with the seaBon^ 
Thus ,n the Atlantic, the range in August is betweeu 
to }t ^"*^ 13° N. Lat, but in February, extends irou* 
t 16 to 6° N. Lat. 

TWISTDS OT THE HIOHEB. LATITUDES. 
yy- The upper equatoriaL currents, flowing off to- 
w^ards either Tie, descend, on their Passage, to t^ 
earth, and sincrtbW carrv with them an excess of eas^ie 
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explained, (Art. 89,) south-westerly winds, in the north' 
ern hemisphere, arid north-westerly in the southern. 

Such would be the course of these currents if left to 
themselves ; . but as they meet on their passage with 
counteracting winds, and are influenced by a variety of 
causes, their direction is more or less changed ; yet not 
so much, but that a marked predominance in the fre- 
quency of westerly winds exists in both hemispheres. 

100. That this is true, in regard to the northern hem- 
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^sphere, is obvious from th#> ann^^ •. 

P^-esents the results oT a mXS''^ 7^^^"^^ ^'^ ^^^'<^^ 

quarter of the circumference of a ' '/ ^^l^''^^^^^"^' ^ 

^^ be divided into nineirDarts r."^^^^^^^^^ 

^^clmation of the JZrl} ? ' '^''"^'^ decrees, and the 

pieced, to the noifh 1^ i"".-'' "^^^'"^ ^'^^ ^^'*^^« ^^'^ 

^he ave, afffo? J,i^ "* '^"''^ "'^^^ measures, iu degrees, 

places mentionS^ "" ''''''^' '^^^*" ^^^^' ^'^ '^^ ^^^^^'^^ 

^^<^ept^ fel^^ ^^? reckoned from the south, in aU cases 

The poS^of 'tK '^ ^^^y ^""^ ^^"^ted from the north. 

^hich the wind bl ^*'*'^^® indicate the quarter towards 

latitudes'^onh^'^''^^?^^® of westerly winds in the high 

average lenJiU T*u ^^ ^^®° ^^^wn by the fact, that the 

^ew York t. T • outward passage, by packet, from 

that of the ^^^®*'Pool, is but twenty-three days, while 

from the nh^^ ^^^ voyage is fortp. It also appears, 

^oyag-es u ", ^^'^^^lons of Hamilton, during twenty-six 

from 179Q , 1^*^ Philadelphia and Liverpool, extending 

^^«d blew • ' ^^^^' ^"^ ^^ ^^^^ ^^y^ ^^ which the 

^'"g- with Th ^^ u^"^® ^*'^"^ '^® ^'^^^ 11^1 5 ^ ^*®^"^^ ^^^^®" 

^^und th«f / ^^^'^^^'^^^'^s o^ McCord, at Montreal, who 

^iads at th- ^^^^ ^^ ^^*^' inclusive, the westerly 

^^^ the wir!!i^ s'^ation constituted more than one-half of 

102. I^ .f ^^^!' hiew, bearing the ratio of 54 to iOO. 
^^3 been i ^^^^ southern latitudes, the same fact 
Cape Horn^ h ^^^' Ueut. Maury remarks, that at 
^^stevly vv-i ^^^'^ ^^'^ ^hree times as many westerly as 
^a^paraiso^ j^*^^ ^^^^^ ^® ^^® seen vessels arrive at 
^^ Cape I ^ Callao, after having been detained off 
^ghtj/^ and ^ ^^'^® ^^^ l^^^d winds, for the space of 
late liJxplor*^^^^ ^^^ hundred and twenty days. In the 
3^ Orange l^^ Expedition, the ship Vincennes remained 
^ixty days f?^^?^^**' ^^ Terra del Kuego, for the space of 
^'^g* v^ariabl . ^^'^S which time the \?veather was exceed- 
^^ith, eastw' ^^^ thirteen da.ys the wind blew from the 
P^^ vailed f ^^*^? and south-east, w^hile for/or^y-^eve^t, Jj^OQlC 
-.. ^^^'^ the west. ^ 
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ITPPER •WESTERLY WIND OP THE TROPICS. 

103. The prevalence of a westerly wind, above the 
trades, within the torrid zone, is shown by many con- 
clusive facts. In 1812, ashes from the volcano of St. 
Vincents were carried easterly, falling upon the island 
of Barbadoes; and the captain of a Bristol ship declared, 
that at this time volcanic dust descended to the depth of 
five inches, upon the deck of his vessel, at the distance 
of five hundred, miles to the east of the former island. 

In 1835, an eruption occurred of the volcano of Con 
sanguina, situated in Guatimala. The height of the 
crater is 3800 feet, and from it issued clouds of ashes, 
which obscured the sun for five days, and being borne 
along in a north-easterly direction, by the upper cur- 
rent, fell in the streets of Kingston, Jamaica, seven hun- 
dred and thirty miles distant. Even in the latitude of 
Teneriffe, nearly all travelers have found a westerly 
wind at the summit of the peak, while the regular trade 
was blowing in a contrary direction, at the level of the 
ocean. 

PERIODICAL WINDS. 

104. Monsoons. In certain countries within and 
near the tropics, the regular action of the trade wind is 
destroyed by the monsoons, which are periodical gales, 
deriving their name from the Malay word moussin, sig- 
nifying seasons. These winds blow, from a certain 
quarter, for one half of the year, and during the other 
half from an opposite point ; and at the time of their 
shifting, dead calms, tempests, and variable winds alter 
nately occur. 

105. From April to October, the south-west monsoon 
prevails north of the equator, and the south-ecLst in the 
southern hemisphere ; but from October to April, the 
north-west monsoon blows south of the equator, and the 
north-east in the northern hemisphere. 



Y^st monsoons 00^ ktefin fh'''"'''"^''' and north- 
the reffir»n« hupp «,^ u . ^ ^'^^ season, according- as 
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8^ 30'^N Lat^th^' ^^ ^"jengo, on the Malabar coast, 
earlv SQ th •' J*^® Sjputh-west monsoon commences as 
^bout thellu r^l^P""'' ^^ Bombay, 19° N. Lat., 
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part of Cevlnn L"^""'^^ ^^ ^f"<^a, and in the northern 
^tie Corom/,. I I ^®^" ^^ twenty days earlier than on 
'wiumandel coast. " 

to be sonJhf^-^* u'^^® cause of these regular changes is 

l^Js anDafpnV^ ^^ ^^^^^ produced by the sun, during 

' other In 7h ^J^^^^^ progress from. one tropic to the 

liarv advLr! ^^^^^ ^^^^^j for example, as this lumi- 

I'arefartin towards the north, the zone of greatest 

east mnn ''^^®^es from the equator, and the north- • 

wind) t\,^^ i^hich is nothing- more than the trade 

nable wir!d ^^^^'^^^^^ and is succeeded by calms and va- 

sun an-iv ' ^"^ ^® ^^® summer approaches, and the 

of the A ^^ ^^ '^^^ northern tropic, the southern portions 

and thf^ u^^^? continent become hotter than the ocean, 




the Arab/an Prevail from the peninsula of India to 

r>urinff th ^"'^' ""^*^ ^^® ^"^^ *^^ ^*^® autumnal equinox, 
southern h ^^^^ period, the south-east monsoon, in the 
a^d bi'ino^^ ^'^.^sphere, tempers the heat of Lower Guinea, 

iOr. Th '^^^ *^ ^^^ shories of Brazil. 

reversed n^ fj^otioas of the atmosphere, however, are 

^^e southe^ ®^^ crosses the equator and approaches 

'S^outhern /?• ^^'opic. Pouring his fervid rays upon 

the splendid ^^^^^ ^^^ ^^^^ ^^'^^^ ^^ ^^'"'^ Holland, and 

''^''th and ^ ^^^^^e of Brazil, the air flows in from the 

ffin*.^ _ , '^^l'th-xu-A«t tmiror^^ ^U^^^ Ulrr-UUr h)fai^i!^y fep0OQlC 



50 AERIAL PHENOMENA. 

months: the monsoon extending along the coast of* 
Brazil, from Cape St. Augustine to the Isle of St. Cath- 
erine. But now the influence of the sun is partially 
withdrawn from Southern Asia ; it glows no longer be- 
neath his vertical rays, and over the cooled earth the 
north-east monsoon resumes its wonted course. 

108. Land and Sea Breezes. On the coasts and 
islands within the tropics a sea breeze daily occurs, 
about nine o'clock in the morning ; at first, gently blow- 
ing towards the shore, but gradually increasing in force 
until the middle of the day, when it becomes a brisk 
gale ; after two or three o'clock it begins to subside, 
and is succeeded at evening by the larid breeze, which 
blows freshly off the coast during the night, dying away 
in the morning, when the sea breeze recommences. 

The extent of these winds is variable ; in some places 
they are scarcely noticed beyond the rocks that line the 
beach ; at others they are perceptible three or four 
leagues from land ; while such is their strength on the 
Malabar coast, that their effects are felt at the distance 
of twenty leagues from shore. 

These breezes are occasionally met with in every 
latitude. They are perceived upon the coasts of the 
Mediterranean, are sometimes felt at Bergen, in Nor- 
way, and even faintly discerned on the shores of Green- 
land. 

109. Origin. During the day, the islands of the 
tropics acquire a far more elevated temperature than the 
adjacent ocean ; (Art. 91,) the atmosphere above them 
partakes of their warmth, and currents of rarefied air 
ascend from the interior of the land. To supply the par- 
tial void thus created, the cool, dense air of the ocean 
flows in from every quarter towards the shore, and the 
sea breeze then prevails. 

About mid-day the sea breeze is strongest, since the 
velocity and force of the ascending current is then at its 
height, for the sun now acts with its greatest energ^lc 
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;^diation, while the e'^^^^^ '^ ""''' *^^ 

^^^^ IS scarcely changed Thi - ^^ ^^^"^ ^K'^ ""'*- 

already stated thar fhf ^'^^^ ^^ ^^^^g^ ^<> ^^^ ^act 

^^e earV bm are d/f^ ^ays warrn only the surface of 

^^derable depth anri^"'-^ through the water to a con- 

^«m of the fluid i , ^^^®s, whenever the upper stra- 

and a warmpp o* *^ .' ^^ becomes heavier and sinks ; 

Maintains an JI^^ "^ ™^"^ to the top the surface thus 

^^easons, the iWnr^^^f i"'^^^''^^*'^^ temperature. For these 

^t^ile the air ah .^^^^^^'^^comes colder than the sea, 

<lensed, and flm/-^^ 't, acquiring its temperature, is con- 

and liffhiev ^?T^^..^^ ^^ ^v«ry direction to the warm 

Sives rise to fh ^f P^i^^e that floats above the ocean, 

'he night. Aree^rc, which prevails throughout 

^f the ait^Jk ^^f Winds. Prom the extreme mobility 
countless la ' ^"*®<^tion of the wind is affected by a 
*^*A the ine^^^^r ?^ causes, stick cts the nature of the 
ocean and ^fjf^^ 9f its surface^ the vicinity of the 
V^oanmit'n A ^^^^ y ^^ ^^^ temperature^ course and 

These ^cSlr?T^^*^- 
trolled, wher #k^ ^^'^^^^ ^^®' *^^ ^^® ^^^^ P*'^^' ^^^' 
power; but f u ^^'^^^ aerial currents exist in all their 
Qf the latter • • extra-tropical rag-ions, where the force 
^^tween the '* ^^o^inished, a perpetual contest occurs 
rise to constB^n^'^^^^^^ ^^^ temporary currents, giving 
of the wind ^^ctuations in the strength and direction 

^^d at HuS*^^^^® from observations made at Toronto, 

from every ru?'^^ Ohio, that although the wind blows 

such is tiief^^ °^ the compass during the year, yet, 

^^thudes the . * ?® ^^ ^^^^ northerly g-ales, that, in these 

from JSf, vr t*^^^® a general motion of the atmosphere 

^^e hourly ol? ^' ^^ England, on the contrary, from 

^^^^^^^jxc^servations made at Plymouth, there seems^QQQ[e 

T ■ ' ■ 
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to be an annual movement of the atmosphere, from the 
S. S. E. towards the N. N. W. 

112. Physical Nature op Winds. Winds are hot, 
cold, dry or moist, according to the direction whence they 
blow J and the kind of surf 04^ over which they pass. In 
Europe the westerly winds are warm and moist, and the 
north-easterly cold and dry ; for the former come over 
the sea from the lower latitudes, and the latter sweep 
across the land from the polar climes : in our own cli- 
mate, a north-easterly wind is cold and moist. 

A south wind in the northern hemisphere is warm 
and humid, since it comes from warmer regions, and its 
capacity for moisture is constantly diminishing in its 
northward progress ; from opposite causes a north wind 
is keen and dry. 

In the southern hemisphere the nature of these winds 
would be interchanged. 

113. Puna Winds. In Peru, between the Cordilleras 
and the Andes, at the height of 12,000 feet, are vast 
tracts of desolate table-land, known by the name of the 
Pufia, These regions are swept, for four months in 
the year, by a piercingly cold wind from the snowy 
peaks of the Cordilleras, which is so extremely dry, 
and absorbs with such rapidity the moisture of animal 
bodies, that it prevents putridity. If a mule happens to 
die upon these plains, it is converted, in the course of a 
few days, into a mummy, even the entrails being free 
from the slightest evidence of decay. 

According to Prescott, the ancient Peruvians pre- 
served the bodies of their dead for ages, by simply ex 
posing them to the diy, cold, and rarefied atmosphere of 
the mountains. 

114. Simoom. Upon the arid plains of Asia, and es 
pecially on the vast deserts of Africa, an intensely hot 
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*«»»maTianrfvW If • */"»<'«»»> from the Arabic word 

'V^Z'r^TJ^^2''^Z'^J.^"^p?^^-^- 1° Egypt 



W r«, •I.jT"'-^-^''?'' because'^it usually continue, 
Zahlra ^aLI t "J ^'^^ «^««t«™ parts of the grea. 
-uinea if r^ the Senegal, and ufon the coalt of 

earlier travlf •'''^ '^'**^' a°d the accounts of the 



'With mai^i '*'*^'"^S^'"^ to this wind, are clothed 
ous, fierv hi!.?.u ''*"*^- It is described as a poison- 
survivini ,k! V ' instantly destroys life; none ever 
haled R,?f !u '^ "^ 'ts deadly influence, if once in- 
simoo'm i^l ^^^^^^ ^""^ "o^ exploded, and the 

those whirh ° ^ possess no other properties than 

parching ^iQj^^"'"a% ^^"""S to an exceedingly hot and 

liaiitfes of of^' .?'^ «'''&'° i« to be sought in the pecu- 
coiintries **"'' ^"•^ the geographical position of the 

The f°^®'' ^bich it reigns. 

coinposeH ^^^ J® *'^ '•»« Asiatic and African deserts w 

tical ravs nf i"^ "l"*^"^ «»'»<^' '«^h><^*^ the powerful, ver- 

heat of th ®"" render burning to the touch. The 

Phere /itJtf® '"^^ions is insupportable, and their atmos- 

Esoe inV^^ *"'^th of a furnace. In June, 1813, at 

vose to 79ni'®il,%yPt> the thermometer of Burckardt 

in 1841 th r. ^^- beneath the roof of a tent, and 

advancinor^ "'^b embassy to the king of Shoa, while 

temDerai.f^ ^^°™ Tajura to Abyssinia, suflFered under a 

WhLn "/^ °^126°-'Fah. *» the shad^. 

sw^eeps thp" if ®"cb circumstances, the wind nses and 

and extren^^ i''"in^ wastes, it is at the same time hot, 

a'oft the Bn^ destitute of moisture ; and, as it bears 

^•ith a ^r^J-P^tticlesofsand, the atmosphere is tinged 

'*e simoom ^^' °^' P^^P^ *«^<2» *^® ^"'^ precursor of 

stant death ^^^ the blast of the simoom inflicts not iiT-oOQle 
-^ 2.' **■ *^ yet a dreadful visitant to the traveler o 
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of the desert. Clouds of glowing sand, at times so 
thick that objects are invisible at the distance of a few 
paces, are driven with blinding force against the face ; 
the moisture is rapidly absorbed from the body, the skin 
becomes parched, the throat inflamed, resphation is 
accelerated, and a raging thirst created. And in the 
midst of 'these horrors, the burning blast deprives its 
unhappy victims of the only means which they possess 
for alleviating their sufferings ; the water evaporates 
through the skins in which it is carried, and whole 
caravans have been known to perish, the prey of a con- 
suming thirst. 

117. Sirocco. This name is given to a south-east 
wind which prevails in the Mediterranean isles, and 
along the Italian shores. During the summer and 
autumn it is peculiarly distressing to the inhabitants 
of these regions ; an oppressive sensation of heat is then 
felt, the skin is bathed in perspiration, the body becomes 
weak and languid, and the mind dispirited. These 
effects are attributed to the fact, that the sirocco, at this 
time, is both hot and moist; very little evaporation 
therefore occurs, and the sensations experienced, under 
these circumstances, are similar to those which are felt 
during a very sultrv state of the atmosphere. While 
this wind prevails, the air is obscured by fine particles 
of diist, and is always hazy. 

The sirocco has been generally supposed to arise 
from a current of air flowing across the Mediterranean 
from the glowing sands of Africa. It acquires its heat 
from the desert, and its moisture from the sea. 
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The researches of Col. Reid, ^t 8. 

the Governor of the Bermudas, 
have likewise shown, that the 
storms and tempests of the 
southern latitudes are vast 
whirlwinds ; moving, however, 
in a different manner from the 
hurricanes of the northern hem- 
isphere. Thus, south of the 
equatory the general course of 
the hurricanes is from the north- 
east to the south-west, within 
the southern tropic ; but after 
passing this limit they proceed 
from the north-west to the south- 
east ; revolving from left to 
right, in the same way a>s the 
sun; a fact previously conjec- 
tured by Mr. Redfield. (See 
fig. 8.) 

The hurricanes of the southern 
hemisphere frequently occur in oknbral direction and rota- 

.1 • • •«. jr TiJt , -4.', J TION OP HURRICANES IN THB 

the vicmity of Mauritius and bouthbrn hbmispherb. 
Madagascar. 

121. Path op the Storm. The distance traversed 
by these desolating tempests is immense. The memo- 
rable gale of August, 1830, which fell upon St. Thomas, 
in the West Indies, on the 12th, reached the Banks of 
Newfoundland on the 19th ; having traveled more than 
three thousand nautical miles in seven days ; and the 
observed track of the Cuba hurricane of 1844 was but 
httle inferior in length. 

122. Velocity. Their progressive velocity varies on 
the Atlantic Ocean, from seventeen to thirty miJes per hour ; 
but at certain portions of the track it is sometimes much 
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became violent. At five P. M. it blew a severe gale, 
and at seven P. M., says Capt. Newby, " a hurricane 
arose beyond description dreadful. Soon after a calm 
succeeded for about ten minutes, and then, in the most 
tremendous screech I ever heard, it recommenced from 
the S. and S. W. At two o'clock on the morning of the 
third, the gale somewhat abated, and the barometer rose 
an inch. At dayliffht, out of forty vessels, the Water 
Witch and one other were the only two not sunk, 
ashore, or capsized." 

126. On the 12th of August, 1837, another hurricane 
commenced, in the same region, in 17° N. Lat. and 53° 
45' W. Lon. At midnight on the 18th, in 31° N. Lat., the 
ship Rawlin, Capt. Macqueen, appears, according to 
Col. Reid, to have been in the very vortex of the storm. 
On the 17th, the wind blew strong from the N. E. by 
E. for twelve hours, then suddenly changed to the north, 
blowing with undiminished violence till the 18th at 
midnight when, in an instant, a perfect calm ensued for 
the space of one hour ; then, " quick as thought, the hur- 
ricane sprung up with tremendous force from the S. W. ; 
no premonitory swell of the wind preceding the convul- 
sion." During the gale, the barometer was almost in- 
visible in the tube above the framework of the instru- 
ment. 

The sudden and extraordinary transition detailed in 
the cases just cited, are fully explained by supposing, 
that the vessels passed from one side of the whirl to the 
other, through the vortex of the tempest. 

127. Fall op the Barometer. If the hurricane 
is indeed a vast whirlwind, the atmosphere, constituting 
the body of the storm, will be driven outward from the 
centre towards the margin (C. 171), just as water in a 
pail, which is made to revolve rapidly, flies from the 
centre, and swells up the sides. But the pressure of 
the atmosphere, beyond the whirl, checking, and resist- 
ing this centrifugal force, at length arrests the outward 
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HEIGHT OF 




TIME. 


THE BAROMETER. 


WIND. 


Hours and Minutes. 


Inches. 


Direction and Force. 


Aug. 2d, A. M. 6 


29.95 




P.M. 2 10 

3 45 

4 45 


29.77 
29.69 
29.51 


N.W. 1 

N. 

N. 


^Increasing 
Tempest. 


5 45 


29.33 


N. E. ' 




6 30 


29.16 


N.W. 




6 35 
6 45 


28.93 
28.80 


N.W. 
N.W. 


'Hurricane. 


7 10 


28.62 


N.W. 




7 30 


28.18 


N.W. 




7 35 


28.13 


' 




7 52 

8 10 


28.09 
28.09 




»Dead Calm. 


8 20 


28.09 






8 23 


28.44 


S. S. K ^ 




8 33 


28.53 


S.E. 




8 38 


28.62 


S. E. 




8 45 


28.71 


S.E. 




8 50 


28.80 


S.E. 




9 


28.98 


S.E. 




9 10 


29.16 


S.E. 


^Hurricane. 


9 25 


29.24 


S.E. 




9 35 


29.33 


S.E. 




9 50 


29.42 


S.E. 




10 10 


29.51 


S.E. 




10 35 


29.60 


S.E. 




11 30 


29.64 


S.E. 




Aug. 3d, A. M. 2 45 


29.78 


S.E. 


8 


29.91 


s. w. 


9 


29.93 


E. 



130. In the case of the Water Witch, we have seen, 
that, when the centre of the tempest was past, and the 
gale abated, the barometer rose an inch. 

131. Circuit Sailing. The gyratory motion of hur- 
ricanes is strikingly evinced by vessels sailing on a cir- 
cular course, when scudding before the wind. The 
most remarkable case is that of the Charles Heddle, 
related by Mr. Piddinffton, which occurred in a stoMtki^ 
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round five times in the space of one hundred and seven- 
teen hours, having an average velocity of eleven wiles 
and seven-tenths per houn The whole distance thua 
sailed by the vessel was thirteen hundred and seventy- 
three miles; while her actual progress daring this time 
in a south-westerly direction, was found to be o?ily three 
hundred and ffty-four miles. 

132. Axis op the Hurricane. The axis of the 
hurricane is not, necessarily, upright, but is usually in- 
clined to the horizon ; leaning in the direction which 
the tempest takes. This is owing to the friction of the 
base of the hurricane against the surface of the earth. 
Its velocity is thus checked, while the upper portion is 
driven foj-ward, and overhangs the base. 

This position of the axis is indicated by the circum- 
stance that the tokens of the approaching tempest often 
appear in the higher regions of the atmosphere, before 
It IS felt below. The navigators of the tropic seas some- 
times behold, high in the air, a small black cloud ; 
rapidly it spreads down to the horizon, shrouding sea 
and sky, and the tempest then suddenly descends upon 
them in all its fury. 

133. Remarks. Such are the opinions entertained 
by Redfield, Reid, Dove, and others, in regard to storreis 
and hurricanes; opinions based upon a vast assemblage 
of facts and observations, gathered from all pomts, 
within the track of a ereat number of these desolating 
gales. The numerous observations taken upon the 
American coast, com mensurate with the extent ot Vo^ 
Atlantic tempests, have been systemaUzed by Mr. VV . 
C. R^d^^ld, of New York ; while Col. Reid has investi- 
gated the West India hirricanes, and those of tl^e 
southern hemisphere, with great success, ^he log 
books of the Britisfi :^avy, in which the phenomena ot 
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placed at his disposal, and he has thus been furnished 
with an immense collection of valuable facts. Prof. 
Dove, of Berlin, has studied the laws of hurricanes in 
Europe, and gathered a large number of observations 
from every quarter of the globe. By noticing the time 
and place of each observation, storm-charts have been 
constructed for the use of mariners, and it is highly in 
favor of the rotary theory, that the conclusions result 
ing from these extensive and independent investigations 
are substantially the same. 

134. Espy's Theory. The rotary character of hur- 
ricanes, including tornadoes and water-spouts, is how- 
ever denied by Mr. Espy, of Philadelphia, who main- 
tains that the wind blows from every quarter towards 
the centre of the storm. Espy asserts, that this law ob- 
tains without a single exception, in seventeen storms 
which he has investigated. The influx of wind towards 
the centre, he supposes to be caused by the development 
of heat, which occurs whenever atmospheric vapor is 
condensed in the form of a cloud. The heat, thus dis- 
engaged, rarefies the surrounding air, and establishes 
an upward current ; and so great an expansion is be- 
lieved, at times, to result from this cause, that the ve- 
locity of the ascending current has been computed to 
exceed three hundred and fifty feet per second. 

To this point of greatest rarefaction, the atmosphere 
rushes in from every side, just as the air of a room 
flows towards the heated current of the chimney ; the 
violence of the wind depending upon the rate of speed 
in the ascending column. Most of the phenomena of 
meteorology are also explained by Mr. Espy in accord- 
ance with his peculiar views. 

135. The centripetal theory has found many able 
supporters ; but that of Redfield and Reid has been 
more generally adopted by men of science. . 

136. It mav nerhans be found, when onr invpsfiora^^'^^ 
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motions often co-exist ; a circumstance which is by no 
means impossible. For when a whirlwind is once in 
motion, from any cause whatsoever, the great rarefac- 
tion of air that occurs at the centre, will create an 
mflux of the atmosphere towards this point from all 
quarters, except where it is opposed by the centrifugal 
force. Now if the base of the whirl is above the sur- 
face of the earth, or when touching it, is inclined to it, 
(which is usually the case,) currents of air will flow 
beneath the base towards the vortex, and evidences of 
^centripetal action will not be wanting. 



CHAPTER III. 

OP TORWADOES OR WHIRLWINDS. 



137. Tornadoes may be regarded as hurricanes, dif- 
fering chiefly in respect to their es:tent and continuance. 
They last only from fifteen to sixty or seventy seconds, 
their breadth varies from a few rods to several hundred 
yards, and it is probable that the length of their track 
rarely exceeds twenty-five miles. 

138. Facts. This phenomenon is usually preceded 
by a calm and sultry state of the atmosphere ; when sud- 
denly the whirlwihd appears, traversing the earth witli 
great velocity, and sweeping down by its tremendous 
power the mightiest products of nature, and the strongest 
works of man. Pooderous bodies are whirled aloft into 
the air; trees of lare-e dimensions twisted off or torn up 
by the roots; building-s of the firmest construction pros- 
trated, and streams whirled from their beds and then 
channels laid bar«. A whirlwind that occurred m 
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deposited it on the other side in a ditch, one hundred 
and fifty paces distant* 

139. In 1755 a tornado fell upon the village of Mira- 
beau, in Burgundy, laying dry the channel of the small 
river by which it is traversed, and carrying the stream 
to the distance of sixty paces. In the New Haven 
whirlwind of 1839, and in that which occurred at Chate- 
nay, near Paris, during the same year, trees eighteen 
inches in diameter were torn up by the roots. In one 
which happened at Maysville, Ohio, in 4842, a barn 
containing three tons of hay and four horses^ was lifted 
entirely from its foundations. And such was the force 
of the wind during a tornado which occurred at Cal- 
cutta in 1833, that a bamboo was driven quite through 
a wall five feet thick, covered with masonry on both 
sides ; an effect which was estimated, by a person on 
the spot, to be equal to that produced by a cannon car- 
rying a six-pound ball. 

By the action of a tornado, fowls are often entirely 
stripped of their feathers, and light substances carrie? 
to a distance varying from two to twenty miles. 

140. The whirlwind is attended by all the usual 
phenomena of thunder-storms ; showers of hail fre- 
quently occur, and, at times, it is the scene of very 
extraordinary electric appearances. In the one w^hich 
happened at Morgan, Ohio, on the night of the 19th of 
June, 1823, a bright cloud of the color of a glowing 
oven, and apparently half an acre in^extent, was seen 
moving below the dark canopy of the tempest. It shone 
with a splendor above that of the full moon, and ten 
minutes after its passage, the narrator of the phenomena 
was enabled to read his Bible by its light. Just before 
the Shelbyville tornado, which took place at midnight, 
on the 31st of May, 1830, two luminous clouds were 
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of this work was informed by an eye-witness, that, dur- 
ing the prevalence of the storm, so incessant was the 
play of the lightning, that the titles of books could be 
easily read, and the use of lamps was discarded in going 
to different parts of the house. 

141. Origin. Several theories have been advanced 
to explain the causes of whirlwinds, but they are sup;- 
posed to be generally produced by the lateral action of 
opposing winds, or the influence of a brisk gale upon a 
portion of the atmosphere in repose ; in a manner anal- 
ogous to the eddies that arise at the junction ot two 
streams, flowing with unequal velocities, or the aii- 
whiris that occur, when a wind sweeps by the corner oi 

a building, and strikes the calm air beyond it. , ^ 

142. The existence of such opposing currents is luiiy 
proved by the observations of aeronauts, as well as oy 
those of observers at the surface of the globe. 

The whirl appears to originate in the higher regions 
of the atmosphere, and as it increases m violence, lo 
descend; its base gradually approaching until ittoucnes 
the earth. 

Thus, when on the summit of the Rigi— a mountain 
in Switzerland— Kaemtz beheld two masses of tog ap- 
proaching each other, in the valley of Goldan, while tne 
air around him was calm, and the sky serene. As sooa 
as they united, a g-yiatory motion was perceived, tne 
fog rapidly extended; accompanied with violent g^^*^ ?! 
rain and hail. At the same time, (as ^PPeared from 
subsequent information,) a furious storm fell ^P5^/'^^ 
lake of the Pour Cantons, far below ^m the midst ot 
which a water-spout ^was seen. (Art. 15U.) 

143. Whirlwxt^i>s excited b^ fires. Exten^^ 
conflagrations have been known also to P^^^^^^^^,^'^.!;^^^ 
winds, in consequence of the strong upward cm lenr, 
resulting from thl ^reat expansion of the heated an. 
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Great Barrington and Stockbridge, Mass., in the month 
of April, 1783, and is thus related by Mr. T. Dwight, 
who beheld it. " In an open field, a large quantity of 
orush-wood was lying in rows and heaps for burning, 
perfectly dry and combustible. On a certain day, when 
the atmosphere was entirely calm, the brush was ignit- 
ed on all sides of l;he field at once. I was residing at 
this time, at the distance of about half a mile from the 
fire, when suddenly my attention was aroused by a loud, 
roaring noise, like heavy thunder. Upon going to the 
door, I beheld the fire covering the field, and the flames 
collected fi^om every side into ^ fiery column^ broad at 
the base, tapering upward, and extending to the height 
of 150 or 200 feet. This pillar of flame revolved with 
an amazing velocity, while from its top proceeded a 
spire of black smoke, to a height beyond the reach of 
tne eye, and whirling with tiie same velocity as the fiery 
column. During the whole period of its continuance, 
the column of flame moved slowly and majestically 
around the field. The noise of the whirlwind was 
louder than thunder, and its force so great, that trees 
six or eight inches in diameter, which had been cut, 
and were lying on the ground, were whirled aloft to the 
height of forty or fifty feet." 

144. During the terrible conflagration of Moscow, in 
1812, the air became so rarefied by the intense heat, that 
the wind rose to a frightful hurricane ; the roar of the 
tempest being heard even above the rushing sound of 
the conflagration. 

145. Results of Centrifugal Action. By the 
centrifugal action of the whirl, the air is driven outward^ 
as in the case of hurricanes, and at the same time s^ 
rally upwards^ on account of the pressure of the sur- 
rounding atmosphere: a great rarefaction, therefore, 
occurs at the centre. As lonsr as the base of the whirl- 
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from every quarter ; while, at the same time, (he cold 
air will descend into it from the higher region of the 
atmosphere. 

By this union, a powerful condensation of vapor oc- 
curs ; causing the precipitation of rain and hail, and 
the development of electricity. 

146. These, however, constitute no essential part of a 
whirlwind ; for, if the currents of air that give rise to 
this phenomenon are very dry, the violence of the wind 
is the only remarkable circumstance. This was shown 
in the case of a small whirl, which involved two persons, 
who were going one cloudy day from Halle to Gie- 
bichenstein. Suddenly they were separated by a gust 
of wind ; one being driven against a wall, and the other 
thrown into a field ; while the people who were near 
had not discerned the shghtest disturbance in the at- 
oaosphere. 

147. When the base of the whirlwind descends to the 
earth, it touches the surface, either partially or wh<^ly, 
according as the axis is inclined or vertical. In the first 
case, the inward flowing currents will be partially^ and 
in the second entirely^ arrested by the centrifugal action 
of the storm. 

The same results often occur when it covers a build- 
ing. Hence, the atmosphere becomes exceedingly rare- 
fied, both above, and around the edifice; and if it hap^ 
pens to be closed, and the tornado is violent, its walls 
will be burst outtactrd by the sudden expansion of the 
air within, (C. 509.) Just as a sealed bottle of thm glass, 
under the exhausted receiver of an air-pump, is shivered 
by the elastic force of the enclosed air. 

148. Effects of Expansion. In the tornado t^at 
happened at Natchez, in 1840, the houses explodea 
wherever the doors and windows were shut; the roots 
shooting up into the air, and the walls, even of me 
strongest brick building-s, hursting^^titw^^ 
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force; but no such destruction occurred when a free 
outlet was afforded to the air within. One gentleman 
as the storm approached, caused all the windows and 
doors of his house to be opened, and though its struc- 
ture was frail it experienced no injury; not even a 
single pane of glass being broken. 

149. On the 18th of June, 1839, a whirlwind (to 
which we have alluded) fell upon the village of Chate- 
nay, near Paris. In the room of a house, over which it 
passed, several articles of needlework were lying upon 
a table : the next day some of them were found in a 
field, at a great distance from the house, together with a 
pillow-case taken from another room. They must have 
been carried up the chimney by the rush of air out- 
wards, as every other means of exit was closed. An- 
other singular illustration of the fact before us took 
place in the Shelbyville tornado. Soon after its occur- 
rence, a lady missed a bonnet, which, the day before 
the storm, was lying enclosed in a bandbox in her cham- 
ber ; some weeks afterwards, she accidentally observed 
a ribbon hanging from the chimney, which proved to be 
the string of her bonnet. The house had been closed 
during the storm, and the expansion of the air within 
the bandbox had forced off the lid— the lost article had 
been borne by the outv/ard flowing current up the chim- 
nev, which afforded the only mode of egress, and there 
it had lodged. 



CHAPTER IV. 

WATER. SP OXTTS. 

150. A WATER-SPOUT is a tvhirlwind over an ex- 
panse of water, as the sea or a loke, differing from a 
land-whirl in no other resvect than that water is sub- 
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successive appearances 



^ ,x,^ «j^j^v.«.i^*--— . At first it is seen as an invert- 
ed cone, either straight or slightJy curved, extending 
downward from a dark cloiid to which it seems to he 
attached. As the cone approaches the surface of the 
water, the latter becomes violently agitated, and, rising 
A^ \'^y ^*' "^^^^ is whirled round with a rapid motion. 
As the cone descends lower the spray rises higher and 
ingher, until both unite, and a continuous column is 
formed extending from the water to the clouds. 

The spout is now complete, and appears as an im- 
mense tube, possessing both a rotary and progressive 
motion; bending and swaying under the action of the 
^*wu^^ it advances on its course. . v. 

When the observer is near, a loud, hissing noise is 
beard, and the interior of the spout seems to be traversed 
by a rushing stream. 

After continuing a short time the column is disunited, 
and the dark cloud gradually drawn up; for a while a 
thm, transparent tube remains below, but this at last is 
also broken, and the whole phenomenon then disap 
pears. These successive changes are represented in 
figures 9, 10, 11, w-hich are taken from sketches of water- 
spouts actually seen. 



IS 



Fig. 9. 
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Fig. 10. 



WATBR-8P0UT FOBMBD. 
Fig. U. 
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well illustrates the origia and characteristics of this phe- 
nomenon. " A heavy storm-cloud, driveri by a north-- 
west gale^ was met by a strong opposing- current; 
when an arm of the cloud appeared to drop down, and 
drag the waves up towards the sky. The whirling and 
dashing of the spray at the surface of the lake, and the 
column of water and mist extending, in a tall and tor- 
tuous luie, to the cloud, were so well defined as to ex- 
cite the admiration of all who observed them. At the 
expiration of about seven minutes, the north-wester tri- 
umphed, and swept the cloud to the south-east ot tno 
city." , 

153. The water-spout does not always pass thiougn 
the v^arious changes that have been detailed ; sometimes 
the upper portion only is developed, depending irom a 
mabs of black clouds, like a huge, tapering trunk, witn- 
out tsver reaching the water ; at other times, '^^^'^^I^S ^ 
seen but the cloud of spray and mist that forms the base. 
On the voyage of the Exploring squadron from JNew 
Zealctnd to Tongataboo, a spout was beheld m the act 
of foiming, at the distance of about half a mile. A cir- 
culai motion was distinctly perceived, the water flying 
off in jets from the circumference of a circle, apparently 
fifty feet in diameter. A heavy, dark cloud hung over 
the spot, but no descending tube appeared, nor was ttieie 
any progressive motion. In a short time the cloud dis- 
persed, and the surface of the sea resumed its tormei 
state 

154 It is by no means uncommon for several water- 
spouts to appear at the same time. .J» ^,^y' J^T^' 
Lieutenant Ogden beheld, on the edge of the Gulf stream, 
no less than Len in the course of half a^^^^^our va Y 
ing in their distance from the ship from two hundied 
yards to two miles. 

, 155. Dimensions- The diameter oi *« ^^^^^ JJ^ 
base ranges from a few feet to several^hunXirea^^*|^^^^ 
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altitude is supposed by some to be at times as great a» 
a mile. In the account given by the Hon. Capt. Napier, 
of a spout which he beheld in 30° 47' N. Lat., and 62° 
40' W. Lon., the diameter was judged to be 300 feet ; 
and the height of the column to the point where it en- 
tered the hanging cloud, was computed, from observa- 
tions taken by the quadrant, to be 1720 feet, or nearly 
one-third of a mile. 

156. Popular error. It is a common belief, that 
water is drawn up by the action of the spout into the 
clouds ; but there is no proof, whatever, of a continuous 
column within the whirling pillar, and the fact, that the 
water, which sometimes falls from a spout upon the 
deck of a vessel at sea is always fresh, sufficiently re- 
futes the idea. The torrents of rain, by which this phe- 
nomenon is often accompanied, can be fully accounted 
for by the rapid condensation of vapor that occurs, when 
the warm, humid air of the sea flows inward to the 
vortex of the whirl, and there combines with the cold 
air of the upper regions of the atmosphere, which de- 
scends to fill the partial void. From this union the 
electric phenomena of w^ater-spouts arise, and the vio- 
lent hail-showers that at times prevail ; the mode, how- 
ever, in which they originate, will be explained here- 
after. 

When a vessel is in the vicinity of water-spouts, can- 
non shots are usually fired for the purpose of destroying 
them ; lest the vessel should be injured if a spout were 
to pass over it. It is not improbable that such an effect 
mav be produced when the spout is either struck by the 
balls, or violently agitated by the concussion of the air 
arising from the discharges. 

157. Sand Pillars. Another form of the whirlwind 
is exhibited in the pillars of sand, which are not unfre- 
quently seen in the deserts of Africa and Peru. Bruce, 
on his journey to Abyssinia, beheld eleven vast columns 
of sand of lofty height, moving over the plain at the 
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same timt ; some with a slow and majestic motion, and 
others with great velocity. Now, with their summits 
reaching to the clouds, they rapidly approached the 
terrified observers, and, the next moment, were borne 
^^y ^y the wind with incredible swiftness. 

1 heir tops, at times, were seen separated from the 
P?am pillars, and the latter were often broken in two, as 
»t struck by a cannon shot ; the diameter of the largest 
was about ten feet. 

While Mr. Adanson was crossing the river Gambia, » 
sand-whirl, twelve feet in breadth and two hundred and 
ikq" ^®^^^^' passed within forty yards of his boat. 
158. The same phenomena are seen upon the Peru- 
vian coast. « The sand," says Dr. Tschudi, " rises in 
columns from eighty to one hundred feet high, which "^ 

wftirl about in all directions, as if moved by magic, 
oometnnes they suddenly overshadow the traveler, who 
only escapes by rapid riding." 

159. Beneficial effect op Winds. The utility 
or wmds must be evident to all. By their aid vast oceans 
are crcwsed, and the products of distant climes wafted 
nom shore to shore. . Different nations are linked to- 
gether by social and commercial ties, the blessings of 
civi ization diffused, and the glad tidings from a better 
world borne to every land. 

The growth and decay, both of animal and vegetable 
iiie, vitiates the atmosphere, and renders it unfit for 
respiration ; but the winds prevent the deadly effects 
that would flow from this source, and the air becomes 
pure and salubrious, from its constant circulation. 

^ven the fierce tempest may be a messenger of mercy, 
ny sweeping from the air the seeds of pestilence and 
contagion. 

., '^*^® a^^antage of winds in distributing moistui-e to 
tne earth, will be seen in the following pages. 
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AQUEOUS PHENOMENA. 



CHAPTER I. 

OF RAIN. 

160. Rain is produced by the rapid union of two or 
more volumes of humid air, differing considerably vi 
temperature ; the several portions in union being inca- 
pable of holding the same amount of moisture that 
each can separately retain. 

This circumstance is the result of the law, that the 
capacity of the air for moisture dec^reases at a faster rate 
than the temperature. 

161. This effect may be thus illustrated : 4000 cubic 
inches of air, at the temperature of 86° Fah., can con- 
tain no more than 31i grains of moisture, and an equal 
volume, at 32° Fah., only 7-fth grains. Now, if the two 
volumes are mingled together, their average temperature 
will be 59° Fahrenheit, and the weight of moisture they 
unitedly possess will be 39f th grains. But, at this tem- 
perature, 3H grains is all the moisture that 8000 cubic 
inches of air can possibly retain ; since the Jirst portion, 
by its union with the second, diminished its capacity 
one-half while that of the latter was only doubled. The 
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162. Raiu is the result of such combinations on an 
extensive scale, and the quantity that falls at any par- 
ticular lime or place, depends upon the difference in the 
several temperatures of the combining volumes, and the 
anaount of moisture which each separately possesses. 

163. Winds are the great natural agents by which 
such combinations are effected, and these occur most 
readily, when the currents of air are shifting and vari- 
able. Constant winds, blowing steadily from the same 
quarter and possessing an unchanging temperature, can 
produce no such admixture, and they are consequently 
attended with dry weather ; except in the case where 
they strike the sloping sides of lofty mountains, carrying 
the warm air of the sea and the vales far up into the 
colder regions of the atmosphere. 

164. 'Rain-gauge. The quantity of rain that falls at 
^f?y station during a given time, is ascertained by means 
of the rain-gauge, an instrument which is constructed 
m a variety of ways. 

One of the best consists of a cylindrical, copper vessel, 
lurnished with a float ; the rain falling into the vessel 
raises the float, the stem of which is so graduated that 
an increase in depth, to the extent of one-hundredth of 
^"J»<^h, can easily be measured. 

The greatest annual depth occurs at San Luis, Ma- 
ranham, 2° 30' S. Lat.; and Vera Cruz ranks next in 
this respect. At the former place, 280 inches have heen 
observed to fall in the course of a vear, and at the latter 
278 inches. "^ 

165. Distribution OF Rain in Latitude. Since 
the capacity of the air for moisture increases with its 
temperature, we should naturally infer, that the higher 

What circumstances influence the amount of rain which falla at any 
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the mean temperature of any region, the greater would 
be the amount of rain which descends upon it. 

This is true as a general rule, for the annual depth 
of rain is found to decrease with the increase of latitude, 
as will be seen from the annexed list of seven localities, 
where the rain has been measured. 





rfttrth Latitude. 


Annual depth of Rain in inches. 


Grenada, . . 


120 


126 


Cape Francois, 
Calcutta, . . . 


19° 46' 


120 


22° 35' 


81 


Rome, . . . 


41^64' 


39 


London, . . . 


51° 31' 


25 


Sl Petersburg, 


59° 56' 


16 


Uleaborg, . . 


65° 1' 


13.6 



1C6. Exceptions. Although this general relation 
to latitude exists, it is by no means to be supposed, that 
the same amount of rain descends yearly upon all re- 
gions lying within the same parallels ; local causes will 
have their influence, and create, in many cases, extra- 
ordinary departures from the common rule. Thus, 
Bombay and Vera Cruz possess, nearly, the same position 
in latitude ; but while at the former city, the annual depth 
of rain varies from 61 to 112 inches, that of the latter 
ranges from 120 to 278 inches. 

This is owing to the following circumstances. Vera 
Cruz is backed by a chain of lofty mountains, rising be- 
yond the limits of perpetual frost, and hither the hot and 
humid tropical air is constantly driven by the trade 
winds, as tney sweep from the sea. Hence a great and 
sudden reduction of temperature occurs amid these icy 
regions, and the air, no longer capable of absorbing its 
vast stores of moisture, precipitates an immense quantity 
of rain. 

Ifi7. At. RpTCTAn in Nnrwflv. it. has alsn hp.p.n fnnnH. 
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than that which falls at Calcutta during the same 
period. 

168. Days op Rain. Thouffh the annual amount of 
rain is greater in the low than in the high latitudes, the 
rainy days are not so numerous ; as appears by the fol- 
lowing table, which presents the average yearly num- 
ber, within K\Mk latitudes indicated. 

N. latitude. Mean annual nttmber of rainy dojra. 

Prom 12° to 43° 78 

" 43° " 46° 103 

" 46° « 50° 134 

" 60° « 60° 161 

169. Prom this circumstance we should readily con- 
clude, that the ordinary rains of the tropical climes 
must be more powerful than those of the temperate re- 
gtons; an inference which coincides with observation; 
for It is stated by Mr. Scott, that at Bombay, there once 
fell, during the first twelve days of the wet season, thirty- 
two inches of rain, a quantity equal to the yearly ave- 
rage of England. 

170. This fact is also shown by tbe suddeu rise of 
brooks and rivulets j a remarkable inst8»^nce of which is 
related by Mr. Elphinstone, in the account of his mis- 
sion to Cabul. It occurred between the Indus and Hy- 
daspes, and is thus described. "On one occasion, th# 
rear-guard, with some of the gentlemen of the mission 
were cut off from the rest by the sudden swelling of f» 
brook, which had been a foot deep when they began U 
cross. It came down with surprising violence, carrying 
away some loaded camels that were crossing at the 
time, and rising about ten feet within a minute. Such 
was its force, that it ran in waves, like the sea, and rosj 
against the bank in a ridffe, like the surf on the coast of 
Coromandel." 

171. Distribution IN Altitude. The great stores^ 
of atmospherical humidity reside in the inferior strata^oOglC 
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of the air, and, for this reason, less rain descends upon 
lofty table-lands and mountains, than upon regions 
situated lower down in the same latitude. 

Thus, in India, on the Malabar coast, twelve degrees 
from the equator, the annual depth of rain is 136 inches ; 
while at Ootacamund, in the Nhilgerries, a region lying 
a short distance to the east, in the same latitude, but 
8/1OO feet above the ocean, the yearly amount of rain is 
only 63.88 inches. Likewise, at Sante Fe de Bogota, 
New Grenada, a city that enjoys an elevation of 8,800 feet, 
in the fourth degree of north latitude, the annual quan- 
tity of rain is nearly the same as that which falls in 
Germany, which is about twenty-one inches. 

Even slight variations in altitude cause perceptible 
differences in the quantity of rain. At the Paris Observa- 
tory, a rain-gauge is placed in the court, and another 
upon the terrace, eighty-nine feet above. The mean 
annual depth of the rain which fell in the court for a 
space of ten years, was found to be 22.44 inches, and 
of that whicn descended upon the terrace during the 
same period, only 19.68 inches. 

172. Rain upon Coasts. We have remarked, that 
the air above the ocean is always saturated, and that its 
humidity decreases as we penetrate from the sea-shore 
into the interior of a country. Conformably to this law, 
other things being equal, more rain descends upon the 
coasts than upon the central regions of a country ; inas- 
much as a less reduction of temperature will here pro- 
duce a precipitation of moisture. 

Besides, when the warm, humid air is borne inland by 
the winds from the sea, its course is marked by descend- 
ing showers, and its inherent moisture decreases with 
its progress. Thus, on the west coast of England, 37 
inches of rain fall in the course of a year ; whUe? in the 
interior. u0on the eastern side, the an""«i l.y,"''^^ 

Digitized by VjOOQIC 



RAINS WITHir^ THE TROPICS. TO 

aud Holland differ, in this respect, one inch. In tbits 
country, the yearly average fall of rain at Boston, for a 
period of 22 years, is 39.23 inches ; at Hanover, New 
Hampshire, 38 inches ; m New York State, 36 inches ; 
and in Ohio, 36 inches. A diminution occurring as we 
advance into the interior, notwithstanding the influence 
of the great northern lakes, in the last two instances. 

RAINS WITHIN THE TROPICS. ^ 

173. Upon the ocean, in the region of calms, where 
^ne gusts of wind are ever changing their direction, tor- 
ments of rain frequently descend. On the land, in all . 
places where the trade wind blows constantly seaward, 
^o ram falls, and the sky is always serene ; but, wher- 
ever disturbances occur in this current and the mon- 
®r^^?j Prevail, the rains are periodical, and the year is 
^l^^(ted into two seasons, the wet and the dry. These 
n«! ^^ barked in their character, that whole months 
^TtL ^^u^ without a cloud obscuring the sky, or miti- 
tnrJ^ ' ^®*'c® l^eat of the sun: then the face of na- 
"ie entirely changes, the heavens gather blackness, tUe 
i^rJ'^'l}^^ down like a deluge, and the parched eavtlci 
showers ' for many successive weeks, by copiOixB 

in l^f'u^"^ ^^^ Season. The rainy season commence^ 
m an the countries within the tropics, at the shifting- ^^^ 
^/"^J^nsoons y and as this change is dependent uporx^ tl^e 
position of tlie sun, it begins earlier in those regions 
inat lie near the equator, than in those more remote. 

At Panama, 8° 48' N. Lat., the rain falls early ^^^^ 
month of March; but it seldom appears at St. Bias, 
J-ahfornia, before the middle of June. In Africa, »ear 
ine line, the rainy season begins in April, both xxpp» 
^ne sea-coast and in the interior; but in the countries 
♦Tn ^*®'* ^y the Senegal, it commences in June, and lasts 
till November. Digitized by C^OOQle 
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In India, the rains occur in May, at the southern ex- 
tremity of the Malabar coast, but do not reach Delhi 
until nearly the end of June. 

175. Cause. These stated rains originate in the 
change of the periodical winds, by which the union of 
vast volumes of air, differing in temperature, is rapidly 
effected. The subject cannot be better illustrated, than 
by recurring to the origin of the monsoons of India. (Art. 
106.) Early in the month of June, the soil of the penin- 
sula becomes intensely heated by the vertical rays of the 
sun, and powerful currents of rarefied air then ascend 
from the earth. To supply the deficiency thus created, 
the warm and humid atmosphere of the equatorial seas 
flows in, constituting the south-west monsoon ; this wind 
now mingles with the cool, dry air, which the north- 
east monsoon, for the six previous months, has been 
constantly bringing to the peninsula from the polar 
and temperate cUmes, and thus produces a combination 
favorable to the precipitation of rain, upon a most exten- 
sive scale. 

176. Periodical Rains op India. On the Malabar 
coast, the south-west monsoon is ushered in by terrific 
storms of thunder and lightning, the water pours down 
in torrents, and, when the thunder has ceased, nothing 
is heard for several days but the rush of the descending 
rain, and the roar of the sweUing streams. In a few 
days, the storm ceases, and the earth, which before was 
withered by the glowing atmosphere, is now, as if by 
magic, suddenly clothed with the richest verdure ; the 
air above floats pure and balmy, and bright tropical 
clouds sail tranquilly through the sky* 

After this, the rains fall at intervals for the space of 
a month, when they again return with great violence. 
In July, they attain their height, and from that time 
gradually subside until the end of September, when the 

- ^i^c*»q as it began, in thunders and tempest^QQQ[^ 
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tJQns of twdve. years, shows the mean monthly average 
for the rainy season, at Bombay; and serves to elucidate 
the preceding remarks. 



tnchea. 



June, 24 

July, 23.95 

August, 18.87 
Sept., 14.06 

Oct., 1.06 

178. The south-west monsoon does notj^ however, 
bring rain to the whole of India. Parallel to the west* 
ern coast runs a chain of high mountains, termed the 
Ghauts: here the monsoon is arrested in its comse, 
and most of the moisture with which it is charged, is 
precipitated, ere it arrives at the central table-land of 
Mysore. On the eastern^ or Coromandel coast, its in- 
fluence is not felt, and the seasons are here reversed. 
From March till June, the winds are hot and moist, 
blowing mostly from the south, over the Bay of Ben- 
gal ,• from June to October the heat is very great, but 
about the middle of the latter month, the cool, north- 
east monsoon commences, bringing the periodical rains, 
which terminate by the middle of December ; the mon- 
soon continuing to blow until the beginning of March. 

179. Periodical Rains of Congo. We trace the 
ramy and dry seasons of Congo, in the southern hemi- 
sphere, to the same cause. In general, from about March 
to September, no rain descends, but gales from the 
south and south-east temper the burning atmosphere. 
In October, hot and humid winds blow from the north- 
west over the Gulf of Guinea, and the country is then 
flooded by frequent rains, which continue to increase 
until January. Slight showers then fall at intervals 
until March, when the rains recommence and continue 
for a short time. 

TnTTTT " ' '■ ■ ' Digitized by V^OOQ IC 

niustrate from the table. - ^ 



82 AaXTEO0S PHENOMENA. 

KAIirS IN THE aiOHER LATITUDES. 

180. Beyond the tropics, the rains no longer occur ai 
stated periods, but are distributed throughout the sear 
sons without regard to any law. 

Thus, in the west of England, the amount of rain in 
winter is eight times greater than in summer ; but in 
Germany, it is one-he^ of what falls in summer, and 
at St. Petersburg a little more than one-third. In Italy 
the greatest quantity descends in autumn. There is the 
same irregularity in the number of rainy days; for in 
the west of England, there are more rainy days in win* 
ter than in summer ; but in Siberia, it rains four times 
as often in summer as in winter. 
* 181. Rainy Winds. The rains in the higher lati- 
tudes, as well as within the tropics, depend upon the 
changes of the wind ; though one wind may be more' 
productive of rain than another, and, in different regions, 
the rainy winds do not always blow from the same di- 
rection. 

In Europe, north of the Alps, the north-east wind is 
dry and cold, since it sweeps over the land from the 
higher latitudes ; but the south-west wind brings the 
ram, for, coming over the Atlantic from southerly 
climes, it is warm and humid, and its capacity for moist- 
ure is constantly decreasing. 

Out of one hundred showers that were noted at Ber- 
lin, scarcely any occurred when the north-east wind pre- 
vailed ; while nearly half were brought by the winds from 
the south-west and vest. Moreover, it rained only once 
for every 7iine timry that the easterly winds blew, but 
thrice for the san^e number of times in which the south- 
westerly breezes predominated. 

182, The reverse of this occurs on the eastern coast 

of the United States, for here the north-east winds give 

rise to the long storms of the fall and spring. At these 

" seasons, as appears from the observations of Dr. Hale, 
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of Boston, continued through a period of twenty-two 
y^ars, the winds are colder than the atmosphere of the 
land, and as they come from the sea charged with moist- 
ure, the cause of the rain is readily discerned. 

REGIONS WITHOITT RAIN. 

183. Egypt. In Egypt it scarcely ever rains. At 
Cairo, there is an average of four or five showers a year ; 
but, as we recede from the coast, it becomes more rare, 
until in Upper Egypt, under the cloudless sky of Thebes, 
a man's hfe may pass away without his ever beholdmg 
a single rain. 

184. The cause of this scarcity of rain is to be sought 
in the peculiar conformation of the surface of this coun- 
try. It is a narrow valley, bounded by two mountain 
ridges on the east and west; the first prevents the 
moisture exhaled from the Red sea from reaching the 
▼alley, and, as the African deserts extend beyond the 
western range, no source of rain exists in this quarter. 

185. The northerly winds, which blow from May tiU 
October, bearing off the vapors of the Mediterranean, 
pass over the whole length of the valley of the Nile, witU- 
out meeting any obstruction ; and it is only when they 
are driven up the high range of the Abyssinian moun- 
tains, that they become sufficiently cooled to precipitate 
rain. Here it descends most copiously during the sum- 
mer months, swelling the tributaries of the JNile, ana 
producing its annual inundation. , . 

186. Much of the humidity brought by these con- 
stant winds, can be retained by the atmosphere of 
Egyp^ without being precipitated ; since it is far below 
the point of saturation, in consequence of the prevalence 
of hot, dry winds from the desert, (Art. lU,) and the ex- 

treme aridity of the soil. , ^ ^ - a^ ^f 

^ So free from moisture is the ground, that mynads of 
human bodies have rested for centuries within Us bosom 
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without suffering the least decay ; and in a collection of 
antiquities, now in the British Museum, there is an an* 
cient model of an Egyptian house, the store rooms of 
which, when first discovered, were full of grain that had 
remained uninjured for ages. 

187. Peru. Along the coast of Peru is stretched a 
plain of sand, five hundred and forty leagues in length, 
and varying from three to twenty in breadth, upon which 
no rain descends. So rare is the occurrence of a real 
shower at Lima, that it is a source of terror ; and when 
such an event happens, religious processions parade the 
streets, imploring the protection of heaven for their en- 
dangered city. 

The want of rain in this region is thus explained. 
Parallel to the coast of Peru, and at a short distance 
from the sea, extends the lofty range of the Andes, the 
peaks of which rise far above the limit of perpetual frost. 
The constant east wind, sweeping from tne Atlantic 
to the Pacific, across the extreme breadth of South 
America, gradually ascends the slope of the Andes ; 
but by the time it has passed their summits most of the 
vapors with which it is charged, are precipitated, and it 
comes to the shores of Peru comparatively destitute of 
moisture. 

188. Moreover, as a sandy soil is naturally dry, 
scarcely any evaporation occurs, and the hot air of the 
plains possesses but little humidity. For these reasons, 
the difference in the temperature of two or more com- 
bining volumes of air is rarely sufficient to produce 
rain. 

189. A similar destitution of rain exists on the north- 
west coast of Africa, where the desert of Zahara reaches 
the Atlantic. In this region, intervals of six or seven 
years occur between the showers. 

190. Constant Rains. In Guiana, it rains for a 
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great portion of the year ; nor is this surprising, when we 
reflect that this country is a low and marshy region, over- 
spread with immense forests ; situated but a few degrees 
north of the equator, and subjected to the influence of 
tne north-easterly trade. 

The fierce heat of the sun fills the atmosphere with 
vapor, which returns to the earth again in incessant 
Showers, as the cool air from the ocean flows in from the 
higher latitudes. 

In the interior, amid the primeval forests, the sun 
and stars are seldom visible, and the rains not unfre- 
quently continue for Jive or six months, with scarcely 
any mtermission. 

191. According to Darwin, rain thus prevails at the 
mraits of Magellan. « At Port Famine,'' says the writer, 
we have rounded mountains, concealed by imperviouf^ 
roi-ests, which are drenched with rain brought by an 
endless succession of gales : rock, ice, snow, wind anA 
\^ater, all warring with each other, here reign in abso- 
lute sovereignty." It is a proverbial saying, in the Isle 
or Ohiloe, 43° S. Lat., that it there rains six days of the 
week, and is cloudy on the seventh, 
th ■'.^F^j.^j^^^ssivE Showers. The quantity of rain 
wiat lails during a single shower is sometimes amazing. 
At Oayenne, Admiral Roussin found, on one occasion, 
mat ten inches and three quarters fell in the course of 
ten hours. There fell at Genoa, Oct. 25th, 1822, thirty 
on*u r^^,^^®'^^y-fou»* hours; and at Geneva, on the 
^Oth of May, 1827, six inches in three hours. In the 
lamous CatskiU storm of July 26th, 1819, a tub, very 
nearly as large at the bottom as at the top, was filled to 
ine depth of fifteen inches and a half in four hours. 

193. Raust without Cloxjds. Singular as it may 
appear, there are yet many well-attested instances of 
TJ!^.^J^ occurring when the sky was clear. This phe- 
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according to Kaemtz, it happens in Germany twice or 
thrice in a year. On the 9th of Auffust, 1837, a shower 
fell at Geneva, when the sky was cloudless, that lasted 
two or three minutes ; and at Constantinople, rain was 
seen to fall by M. de Neveu, for the space of ten min- 
utes, when the heavens were perfectly serene. Accord- 
ing to Le Gentil, this occurrence is by no means un- 
common in the island of Mauritius, during the preva- 
lence of the south-east winds ; slight showers falling in 
the evening, when the stars are shining brilliantly. 

194. Cause. The foUowinff explanation has been 
given of this phenomenon. When rain is produced by 
the intermixture of different volumes of air, the precipi- 
tated moisture usually assumes, at first, the form of 
small globules of vapor ; an assemblage of which in the 
higher regions of the atmosphere constitutes clouds. As 
the process of condensation advances, more moisture is 
precipitated, and the dobules uniting in rain-drops, de- 
scend to the earth. Now it is supposed, that, at times, 
the humidity of the atmosphere is condensed at once 
into rain, without passing through the intermediate state 
of cloud ; and under these circumstances a shower might 
fall from a cloudless sky. 



CHAPTER II. 



OF Foas. 



195. Fogs^ (JT mists, are visible vapors, tkcU float in 
the cUmosphere, near the surface of the earth. 

They originate in the same causes as rain ; viz., the 
union of a cool body of air with one that is warm and 
humid ; when the precipitation of moisture is slight, 
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• ^^: poNsTiTUTioN. When a mist is closely exam- 
ined, it is found to consist of minute globules, and the 
investigations of Saussure, and Kratzenstein, lead us to 
sappose, that they are hollow ; for the latter philosopher 
discovered upon them rings of prismatic colors, like those 
seen upon soap bubbles; (C. 79,) and these could not 
exist if the globule was a drop of water, with no air 
or gas within. The size of these globules is greatest 
when the atmosphere is verv humid, and least when it 
IS dry. ^ ' 

DISTRIBUTION tW LATITUDE. 

197. Tropical Regions. Fogs are not generally 
common in the equatorial clime, its high mean temper- 
ature being favorable to the dissolution of vapor. They 
are however, by no means, unfrequent at certain seasons, 
^^mf^ particular localities. 

, , ®' ^" India, just before the commencement and at 
tne close of the rainy season, when the air contains an 
excess of moisture, but not enough to produce rain, 
Clouds of mist so dense and thick obscure the atmos- 
pnere, that they are not dissipated until late in the morn- 
ing. 

During the month of December, the towering sum- 
nwts of the Abyssinian mountains are also shrouded in 
impenetrable fogs. Peru is remarkable for its misty 
atmosphere, of which we shall soon speak naore par- 
ticularly. . 

198. Temperate Regions. In the temperate climes, 
^^^i^ frequently occur : but are of comparatively small 
extent. ' 

199. Polar Regions. In the polar regions they 
spread /ar and wide^ over sea and land, and prevail both 
m winter and summer. 

At the beginning of winter, the whole surface of the 
aorthern ocean steams with vapor, denominated^^r^^ [^ 
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creases, it disappears. Towards the end of June, when 
the summer commences, the fogs are again seen, mant- 
ling the land and sea with their heavy folds. By the 
middle of summer, these also disappear, to return again 
at the approach of winter. 

So dense are these mists, that they render the naviga 
tion of the polar seas extremely dangerous, and the nar 
ratives of the hardy explorers of these inhospitable 
climes are full of the perils arising from this source. 
Simpson, who penetrated by land to the Arctic ocean^ 
in 1837, speaks of the dense fog that often involved his 
party in imminent danger, while coasting along these 
ice-bound shores. 

200. Cause. The phenomena of the polar fogs are 
explained in the following manner. During the short 
Arctic summer, the earth rises in temperature with 
much greater rapidity than the sea : the thermometer 
sometimes standing, according to Simpson, at 71° Fah. 
in the shade^ while ice of immense thickness lines the 
shore. Flowers also bloom at the surface of the ground, 
when the soil is firmly frozen four inches below. The 
air, incumbent upon the land and water, partakes of 
their respective temperatures ; and on account of the 
ceaseless agitations of the atmosphere, a union of the 
warm, air of the ground with the cool air of the ocean 
will necessarily occur, giving rise to the summer fogs. 
But, as the winter approaches, the land becomes colder 
than the sea ; since the heat acquired during the sea- 
son of summer is lost far more slowly by the latter than 
by the former ; and then, upon the warm surface of the 
ocean, will float the frost smoke, as the cool air flows 
down upon it from the adjacent shores. 

LOCAL DISTRIBUTION. 

201. Fogs are found along the course of rivers, upon 
the sides of mountains^ and over shoals and ^^/^•o^blp 
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202. Rivers. The banks of a river, during the night, 
lose more heat by radiation than the stream itself, and 
to the air, which rests upon each, a similar difference in 
tenaperature is imparted. By the fluctuations of the at- 
niospheie, an intermixture is readily effected ; and the 
superfluous moisture is seed, in the morning, floating in 
fog ov^r either bank, and tracing in a wreath of mist 
the devious windings of the stream. Fogs usually oc- 
cur over rivers in the early part of the day ; for the rea- 
son, that soon after the sun rises the equality of tem- 
perature is restored, and the vapor is then rapidly dissi- 
pated. 

203. When Sir Humphrey Davy descended the Dan- 
ube in 1818, he observed that mist was regularly 
formed, when the temperature of the air on shore was 
from three to six decrees lower than that of the stream, 
and, at the junction of the Inn and Hz with the panube, 
at SIX o'clock on a morning in June, he found the disui- 
hution of temperature, and the state of the mist, to De a 
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follows 



I 'Temperature of the air 
over the land. 



B4^ Fah. 



Tempen^tureofthe 1 State of «jeaSSS!'"' 



Danube, 62° Fah. 
Inn, 56° 

Hz, 55° 



over tlus » 

Thickfo^ ^^^?^tLV 
Dense niiBtaU over. 

Light mist. 



204. It is not essential to the production of [o?^' ^ ^^e 
the air of the stream should be warmer than that o ^.^^ 
Aand; it may be colder, and then fogs appear, it tn ^^^ 
terence of temperature is sufficiently great. ^"^ * jc^u 
case on the Mississippi. During the spring ana ^^ 
mists form over the river in the day time, when ^^^ ^f 
perature of the water is several degrees below ^^f^os- 
the air above, and the air above cooler than ^"^ .V^^uficl* 
phere upon the banks. These diurnal ^^^^V river, 
often extremely dense, are chiefly confided to the 
and seldom extend beyond its banks. Digit^ed^ 
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205. On the 31st of Dec. 1847, as the writer was 
standing upon a bridge, which crosses one of the tribu- 
taries of the Connecticut, he was unable to perceive a 
mill, 140 yards distant, in consequence of the dense fog 
which covered the river. Upon examination, the tem- 
perature of the water was found to be 32° Fah., and that 
of the air, close by the stream, 46° Fah. : a difference, 
here existing, oi fourteen degrees. 

206. Mountains. Fogs appear upon mountains, be- 
cause the warmth of the atmosphere diminishes as we 
ascend, (Art. 51,) and the cool and shady forests, that 
clothe their sides, contribute still further to lower the 
temperature. Hence, when the wann air of the vales 
is gradually driven up by the wind into these regions, its 
capacity for moisture is continually reduced, until at 
length a precipitation occurs, and clouds of mist involve 
both cliff and forest. 

207. At the Mountain-House, on the Catskill range, 
the temperature in summer is ten degrees lower than in 
the valley of the Hudson : and often when a breeze sets 
towards the mountain, a spectator upon the summit be- 
holds, at first, a wreath of mist extending along the 
base ; soon the lower belt of forest is concealed from 
view, and the fog continuing to ascend, thickening and 
spreading on every side, the landscape ere long is com- 
pletely veiled, and a chilling wind sweeps past, loaded 
with moisture. A fact related by Sir John Herschel, 
affords a striking illustration of the influence of trees in 
condensing moisture. During the residence of this gen- 
tleman at the Cape of Good Hope, he observed, that on 
the side of the Table-Mountain from which the wind 
blew, the clouds were spread out and descended very low, 
and often without any rain falling ; while on the oppo- 
site side they poured over the face of the mountain in 
dense masses of vapor. Sir John discovered, when walk- 
mg beneath tall fir trees, while these clouds weie closely 
overhead, that he was subjected to a copious ^Aoii^er, buM^lc 
on coming from beneath the trees, the rain ceased. Oir 
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investigating the cause, he found that the clouds were 
condensed into rain on the cool tops of the trees. 

208. Capes. The reason for the existence of fogs 
over capes and headlands has already been given, in 
accounting for the prevalence of mist in the polar 
climes. 

The soil of these places becomes warmer in surrvmei 
than the ocean that washes their shores ; but in the 
winter^ colder; and the difference in temperature is 
usually suflScient to produce a constant succession of 
mists. 

209. Shoals. A similar state of the atmosphere 
occurs over shoals, inasmuch as their waters are coldei 
than those of the main ocean. Thus, Humboldt ^^^^^^ 
near Corunna, that while the temperature of ^^ ^^ ' q 
on the shoals was 54° Fah., that of the deep sea was 

high as 69° Fah. ^ ^\^e ^ 

Under these circumstances, an intermixtui'® ^ l\vu^ 
adjacent volumes of air, resting upon the w^^'^^qops. 
differing in temperature, will naturally occasion ^ »^ '^^^ 

210. Newfoundland. Mists of great extet^*' . ^^^3^viy 
the sea on the banks of Newfoundland, and P^^ - ffevea^^ 
near the current of the Gulf Stream. The ^^^ oceat^t 
in the warmth of the waters of the stream^ tH^ r^\\\^ 
and the hanks^ fully explains this phenomenoti- g^gseS 
current, flowing from the equatorial regions, p^^ reati? 
a temperature 6i° Fah. above that of the adjacen*^ met 
and the waters of the latter are from 16^ to 18"^ '^^^^pra- 
than those of the banks. The difference, in ^^"^^u^^s 
ture, between the waters of the stream and bank^j ** 
even risen as high as thirty degrees. 

211. England. England, surrounded by sl ^^^[!J 
sea, is subject to thick fogs, that prevail extensiv?^^!/ ' 
the winter. In London they are often so exti-^ni^eiy 
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February. 1832, people ia the streets were unable, at 
mid-day, to see distinctly on account of the fog ; and in 
the evening, the city having been illuminated, as this 
day was the birth-day of the queen, boys went about 
with torches, saying, " that they were looking for the 
illumination." Similar fogs have been observed at Paris, 
and Amsterdam. The smoke, arising from the exten- 
sive combustion in such large cities, is regarded, by some, 
as contributing to the density of these extraordinary 
fogs. 

212. Garuas. We have seen, (Art. 187,) that along 
the coast of Peru, the atmosphere scarcely ever possesses 
sufficient moisture to produce rain ; it contams, how- 
ever, enough to create widely extended and continued 
fogs. 

The wintry season, in this country, lasts from April 
to October, and, throughout the whole of this period, a 
veil of mist shrouds sea and shore. At the beginning 
and end of this season, it rises between nme and ten in 
the morning, and disappears about three in the after- 
noon, at the hottest portion of the day. But, during 
the months of August and September, the vapor is ex- 
tremely dense, and rests /or weeks immovably upon the 
earth. In October and November, the misty canopv 
begins to rise, and gradually growing thinner, at length 
yields to the piercing rays of the sun, and is entirely 
dissipated. 

213. These fc^s, termed by the natives, Qaruas^ are 
said to be at times so heavy, that the moisture falls to 
the earth in large drops, which are formed by the union 
of small globules of mist. There is, however, this dis- 
tinction, between them and rain-drops ; that the latter 
descend from the more elevated regions of the atmos- 
phere, while the garucLS do not extend higher than 
twelve hundred feet ; their average altitude varying from 
seven to eight hundred. -^. CjOOQIc 

214. Passing eastward from the Puna tafile-lanas oT^ 
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after descending a few hundred feet, arrives at a regj< • 
totally different from that which he has just left J i 
no longer breathes a pure and refreshing- atmospher 
for the air is loaded with vapors, and the wooded rang< 
called the Oeja de la Montana, or mist of the moi^nta 
are clouded with fogs throughout the year. In t 
dry season, these are dissolved, during the day, by t 
powerful influence of the sun ; but in the winter w 
condense upon the hills, and descend in ceaseless t 
rents of rain. , .^^ rj 

215. Proceeding in the same direction, from tne ^ 
de la Montana, the magnificent slope of the ^naes ^ 
opens upon the sight ; not reposing beneath a cie^ ^ 
azure sky, but overshadowed by a thick vei . ^^• 
impenetrable to the rays of the early sun, ana ^ 

only to his noontide beams. « is to ' 

216. The explanation of these V^^^^^f^^AeVjV ' 
found, in the constant advance of the humid tr ^^ ^^ j 
from the eastern shores of South America. ''^ ^w \n 
ering summits of the Andes. Rising conUny ^^^ : 
onward progress into higher and colder ^^S^^viea^^' 
pacity for moisture is ever diminishing, and ^ ^^ \tiVei 
phere is always near the point of saturation. ^nd^ 
course will thus be marked by abundant ramS, 

these abate, fogs and mists succeed m their ^^ ^^-rje^ 
By the tirae this great aerial current has ^j^^^s ' 
the more elevated ridges, most of its humiditr ^^^ 
discharged ; during the dry season enough ^^W^^gi 
to produce extensive naists ; and wheii, at V^^jg 
has reached Peru, it possesses scarcely any xx* 
(Art. 187.) . . ^v^e 

217. A powerful auxiliary cause exists, in ^ 
and luxuriant vegetation, that spnngs up ey^j^X^ 
throughout this boundless region. The light ox ^ 
ical day, in its meridian splendor can scarceXy- j 
the massive foliage of those mighty forests, whic tx ^ 
away for league! from the base of the lower -A 
while thft li«.^*or fnrms of vegetation, spreading" :^'^ 
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exuberance over the higher belts, effectually shield the 
earth from the fierce rays of the sun, and check the pro- 
gress of evaporation. The soil, thus shaded, is always 
moist, and the air warm and humid ; and from the 
causes already stated, such results are here produced as 
we should readily infer — excessive rains in the lower 
forests (190), and clouds of mist upon the more elevated 
ranges. 



CHAPTER III. 

OF CLOUDS. 



218. The name of clouds is given to those collections 
of vapor ^ that float at a lofty altitude above the earth. 

219. Though differing from fogs in situation^ they 
originate in precisely the same causes ; being formed, 
in the higher regions of the atmosphere, by the union of 
warm and cold air, when the combining volumes are 
over saturated. The excess of humidity, when slight, 
then appearing in the atmosphere in the form of clouds. 

220. During the daily process of evaporation, warm, 
humid currents of air are continually ascending from 
the earth ; the higher they ascend, the colder is the at- 
mosphere into which they enter ; and, as they continue 
to rise, a point at length will be attained, where, in 
union with the colder air, their original humidity can no 
longer be retained ; a cloud will then appear, which in- 
creases in bulk with the upward progress of the current 
into colder regions. 

If the cloud however, in its ascent, either meets with 
a warmer stratum of air, or descends towards the earth 
into a region of a higher temperature, a portion of the 
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minute globules of water which compose it, perhaps s '. 
will be re-diasolved, and the cloud will either contract i 
size, or completely vanish, according to the increase 
heat to which it is subjected. , . j r 

221. The entire atmosphere, to the altitude of ma 
thousand feet, is constantly traversed by numerous he 
zontal currents of air, flowing in different dtrectm 
and at different heights. Combinations of vast volun 
of air, varying in temperature, must theretore ax uh 
inevitably occur, as well in the higher as in tne w 
regions of the atmosphere ; and when the exce^ 
moisture resulting from this union is but smau, w 
with their ever-changing forms, obscure the serem y 
the sky. , , ■, i aVT 

222. When Clayton, on the 31st rf July, ^^^^^^ 
cended in a balloon from Louisville, Ky., the oi ^^ ^ 
of his course was altered no less than Jive times, , 
space of fourteen hours. Once, when at a vei> ^^^ 
height, he beheld, a mile below him, a snow-wfti*- ^icyn 
of a mountain shape drifting in an opposite due 
that, in which he was traveling. g^to 

223. The upward impulse given to the wavff* g 
phere near the earth, when driven by the wind ^^ 
the sloping sides of mountains, is also a fruittui 

of clouds. (230.) ^ 

224. Strata op Clouds. When an extendeti ^, 
of clouds settles down towards the earth, its "^^^ j j 
foce often copies the outline of the landscapeimme« 
beneath, assuming a horizontal direction. This is 

to the high tem^rature of the air below the clou 
consequence of which the latter would cease to !:>« 
ble, were it to descend lower ; for the globules of > 
would then be dissolved by the warm atmosphere- 

225. Above the first range of clouds, the tempei . 
is often much higher than in the re gion of vapoi^ 

Relate the illustration. ^ 

Whatistheinfluenrrfiof mounUuns'? _ . , ^_ ., 
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neath. Here the air will be clear, and a tract of con- 
siderable thickness frequently intervenes before we ar- 
rive at a second range of clouds ; to this may succeed 
another body of pure air, and still higher a third range 
of clouds, and so on, alternately. 

226. The following account, given by JoUifTe, of his 
aerial voyage, which took place in England, in 1826, 
is instructive in this connection. 

'' Our prepress, during the first quarter of a mile, was 
8o gradual, as to be nearly imperceptible ; but on dis- 
charging a portion of the ballast, the balloon ascended 
with a rapidity, which, in a few minutes, buried us in 
the vapors of a dense mass of clouds. The temperature 
was here cold and raw ; such as I have felt on a moun- 
tain-top, when enveloped in fog. We loitered here for 
some time ; but at length rose with uncontrollable velo 
city, and burst, almost suddenly, out of this dark barrier 
into realms of light and glory. The stratum of clouds 
from which we had emerged, seemed depressed to a vast 
distance below us, involved in radiant folds, which com- 
pletely shut out all view of the earth." 

227. Thickness. The thickness of clouds is some- 
times immense. On the 29th of Sept. 1826, Peytier and 
Hossard, two French engineers, were upon the Pyre- 
nees, and so stationed, that they beheld, at the same 
time, the upper and lower surfaces of the same cloud, 
As the altitude of each station was known, the thick- 
ness of the cloud was readily determined, and found to 
be 1,476 feet. On the succeeding day, the thickness of 
the clouds was 2,788 feet ; or more than half a mile. 

228. Height. The height of clouds has been vari- 
ously estimated. According to observations given by 
Dalton, two-fifths of all the clouds observed in England 
for the space of five years, were m^re than 3,150 feet 
above the earth. Bv noting" when the unoer and lower 
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nees, which had previously been measured, Peytier and 
Hossard -obtained no less \.\\dL\\ forty-eight aJtitiides. It 
was thus found, that the low-r surfaces here varied in 
height from 1,476 feet to 8,200, and the upper from 
2,952 feet to 9,840. 

229. The computations of many distinguished ob- 
servers have been collected by Kaemtz ; and from these 
it appears, that clouds range, in height, from 1,300 feet 
to 21,320. 

The extreme elevation here given is, howevei^ not 
sufficiently great ; for clouds are sometimes ^^^\f^^^ 
ing above the summit of Chi mborazo, which rises /il,^»^ 
feet above the sea-level; and when Gay Lussac, in y^® 
month of September, 1804, ascended in a balloon to in 
altitude of 23,000 feet, he beheld clouds still soaiing 
above him, apparently at a great height. 

30. Clouds on Mountains. When a nioun^^^J"^ 
range is viewed from a distance, the various P^^^^os- 
frequently seen capped with a cloud ; while the ^ peav- 
phere between them is perfectly clear. This ^"^uve 
ance sometimes continues for hours, and ^^^^,^ eel®' 
days ; and was often noticed amid the Alps ^Y. ^-^V^^Wing 
brated Saussure. It is caused by the wind i>^^P f iVie 
up the sides of the peaks the warm, humid air ^ity, 
vales, which, in its ascent, gradually sinks in cap ^^^^^-e 
until it is over-saturated, when the excess of tiiO^ 
becomes visible, and appears as a cloud. -j^g. 

231. This phenomenon is illustrated by fig-u"*^ ^p 
Let ABC represent the outline of a mountain P^f;!^' o- 
the sides of which a warm current flows, in the ^" g^. 
tion of the arrows. Above the line D E, the <^ernp^ 
ture is below the dew-point of the current, and its ^ 
rnidity is condensed into a cloud at B. As the /^^^ 
sweeps over the summit, the cloud B is carried ^^^ • 
the line D E, on the opposite side, and re-dissolveci i' 
the warm atmosphere beneath; but its place, m^^-^ 
while, is occupied by a fresh cloud, caused by the aso^^a 
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Fig. 12. 



▲ CLOUD UPON ▲ MOUNTAIN PEAK. 



of the warm air on the side A B. It thus occurs, tliat 
though the cloud upon the mountain is statwnary for 
hours together, yet the particles which compose it are 
continually changing. 

232. The appearances just described are finely dis- 

f)layed upon the St. Gothard, a mountain in Switzer- 
and, about 6000 feet high. Dark, heavy clouds that 
have formed on one side of the mountain, are frequently 
seen, passing rapidly over its summit, and descending 
in dense masses into the vale of Tremola, on the oppo- 
site side ; but, instead of filling the plains beneath with 
thick vapor, the clouds are dissolved by the warm air into 
which tney are precipitated. 

233. A singular instance of the alternate appearance 
and disappearance of a cloud occurred, not long since, 
upon the coast of England. A cloud was seen, borne 
along by the wind, apparently passing from one side of 
an arm of the sea to the other, but not extending across 
the water. It was visible over the land, on each shore, 
but the sky above the water was perfectly serene. This 
phenomenon may be thus explained. Over the land, in 
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the temperature of the air was higher, and above the 
dew-point When, therefore, the wind carried the cloud 
over the sea it vanished^ its moisture being" i*e-dissoIved 
by Che atmosphere ; but when the body of air in which 
the cloud had previously existed, arrived at the opposite 
shore, a second precipitation of moisture took place,*and 
the cloud reappeared. 
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234. Clouds have been divided into seven lands ; three 
original, viz. the cirrus, the cumulus, the stratus ; a 
four formed by combination, viz. the drro-cumulus, 
cirro-stratus, the cumulo-stratus, and the nimbus. 

235. Cirrus or Curl Cloud. This cloud is so 
tailed, from the Latin word cirrus or curl, becaas ^^^ 
usually resembles a distended lock of hair, it ^ .^^^^ 
linguished from the other kinds by its fibrous ^tj^ ves 
the lightness of its appearance, and the variety ot ^|^Yiev, 
it is capable of assuming. After a period of fine w ^^^^^ 
slender filaments of the cirrus are frequently ^^^q- 
stretching like white lines across the azure sky. |.aV\el 
times these threads of clouds are arranged m P ^^-eveV 
bands, which in the northern hemisphere, (W>^ ^^.ota 



observations have been taken,) are either directeci ^^j^^v 
south to north, or from south-west to north-east ; ^ .^^ ; a 
times they separate, resembling the tail of a "Oi .^^. 



form which is known in Germany by the name or ^^^ea 
trees. These filaments are also not unfrequentiy ^^ 

crossing each other, and investing the sky with a. ^g| 
cate net-work of gauze-like vapor. One of the * ^^ 
beautiful forms of the cirrus occurs, when the fibres *- 
from each side of a band of light cloud, and the ^^ 
appears like the feathered grain of a rich piece ot rxi 
hogany, (figure 13, a.) . , ., ..^^ .:-lt 

236. The white color of the cirrus renders it diffi<^ "^' 
in all cases, to detect its peculiar structure ; \ox \:cLe^ ^^ 
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is dazzled by its excessive light. The cloud may, how- 
ever, be viewed at leisure, by reflection from a blackened 
mirror, which diminishes the brightness. 

237. The cirrus soars the highest of all clouds. Its 
altitude, at Halle, in Germany, has frequently been esti- 
mated, by Kaemtz to be not less than 21,300 feet ; and, 
from the obseiTations of ten years, this distinguished 
meteorologist has been led to believe, that it is entirely 
composed of snow-flakes. Indeed, the temperature of 
the elevated regions in which it floats, must be often &r 
r>elow the freezing point. 

238. Cumulus. This kind of cloud acquires its 
name from the Latin word cumulus or heap ; the vapor 
seeming to be piled or heaped together. It is usually 
seen in the form of a hemisphere, resting upon a hori- 
zontal base ; but at times detached masses gather into 
one vast cloud upon the horizon ; their radiant sum- 
mits gleaming like the snowy peaiks of distant moun- 
tains, (figure 13, b.) 

239. The cumulus is the cloud ofdatf, and is produced 
by the ascending currents of warm air, caused by the 
solar heat. During the fine days of summer, its peculiar 
figure is most perfect, and its formation and decline oc- 
cur in the following manner. Although the sun may 
have arisen in a cloudless sky, a few solitary. specks of 
vapor may be seen towards eight or nine o'clock ; these, 
as the day advances, enlarge from within, become thicker, 
and accumulate, in round<wi masses, which continue to 
increase in number and siz/?, till the hottest part of the 
day. After th»s time they gradually lessen, and often 
entirely vanish, ieaving the sky at sunset again perfectly 
serene. 

240. The cr.'mulus floats low ia tb«5 aborning; bui its 



How may its peculiar structure be best discerned 1 
How fer above the general surface of the earth does the cjrrys rrv % i 
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altitude increases with that of the ascending current 
which attain their highest elevation soon after mid-day 
towards evening the current? subside, and the clou 
descends. This circumstance has often been remarfcc 
by meteorologists, when stationed on elevated mouj 
tains. In the morning, the cumulus has been seen^ 
neath them; it enveloped them towards woon; th€ 
soared above them for several hours, and descendea \ 
the vale at the close of day. 
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241. It is not difficult to account for the facts just de- 
tailed. The cumulus begins to be formed, when the 
warm currents, in their upward progress, arrive at a 
temperature so low that they become over-saturated 
with moisture ; and the excess is then condensed into a 
cloud. 

The higher the currents rise, the colder is the atmos- 
phere, generally speaking, and the cloud must necessa- 
rily enlarge ; but when in the afternoon the strength 
of the currents abates, the clouds which are buoyed up 
by their force, sink down into warmer regions of the at- 
mosphere, and are either partially or completely dis 
solved. 

242. The rounded figure of the cumulus is attributed 
by Saussure to the mode of its formation ; for when 
one fluid flows through another at rest, the outline of 
the figure assumed by the first will be composed of 
curved lines. This may be seen, by suflTering a drop of 
milk, or ink, to fall into a glass of water ; but the shape 
of a cloud of steam, as it issues from the boiler of a 
locomotive, presents a far better illustration. 

243. Stratus. This cloud derives its name from 
the Latin word stratus^ or covering ; it forms about 
sunsetj increases in density during the night, and dis- 
appears at sunrise. It is caused by the vapors which 
have been exhaled during the heat of the day, but re- 
turn again to the earth towards the evening, when the 
temperature has declined, and are then condensed into 
a sheet of clouds, which stretch along and rest upon the 
horizon (figure 13., c). This class likewise includes 
those light and spreadmg mists, which gather in mead- 
ows and vales in the evening of a warm summer's day, 
floating like a veil over the surface of the ground, and 
extending but a short distance above it. 



244. Cirro-stratus. This cloud is so 
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cause it partakes of the characteristics of the cirruj and 
stratus ; origin ating usually in the cirrus. It is remark- 
able for its great length, in proportion to ha thickness - 
out though preserving in the main this peculiarity it 
assumes many varieties of form. ' 

245. At one time it consists of a number of parallel 
oars of vapor, in close proximity, blended together at 
the middle, but separated at the edges (figure 14., d), or 
U may appear as a streak of vapor, broadest at the mid- 
dle, and tapering towards either end (c). A third va- 
riety consists of small rows of clouds, parallel to one 
another ; each successive row becoming shorter, from 
the widest part of the cloud to the extremities, {d.) 
The name of cirro-stratus is also given to that thiri, 
gauze-like cloud, which sometimes overspreads the 
whole sky, and through which the sun and moon are 
dimly visible. 

246. Cirro-cumulus. It not unfrequently ^^^^^^^J^ 
that the heavens appear as if sown with little ^?2ci\y 
masses of clouds, lying near to each other, but p^*'^ . ^<V 
separated by intervals of sky (figure 14., a). T^vs <^^^ ^^ 
is the cirro-cumulus, and often arises from a <^l^^'^^e\tig 
the cirrus and cirro-stratus ; the bars of the latt^^^/i flif- 
divided across the direction of their length, and ciov(\e- 
ferent parts rounding into the cirro-cumulus. . geeO 
limes the reverse occurs, and the cirro-cumulus ^^ 
changmg into the cirrus and cirro-stratus. yc 

247. The structure of the cirro-cumulus is not a-*^^ ^^ 
the same: at one time the masses are very deas^ ^ ^ 
well-rounded; at another their form is irregular, ^^ 
the sky often presents a curdled appearance, whexi ^^ . 
ered with this cloud. Sometimes the cirro-cuniixl'^^ ^ 
so light and fleecy, that the rays of the sun, as the^y tra 
verse it, are scarcely dimmed. Humboldt found tli^*^ 

Describe the cirro-stratus. 

How is it produced 1 C" r\c^n\o 

WhntnrA«ftr«« r- - « Digitized bv V^VJOV l>- 
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Describe the cirro-cumulus. 



104 AQUEOUS PHENOMENA. 

even so delicate that he was able to discerii through 
them the spots on the moon. The last two classes of 
clouds, like the cirrus, float at a very lofty height. 

Fig. 14. 



OISRO-STRATUS (&, C, d), CIRRO-CUMULUS (a), NIMBUS (C), CUMULO- STRATUS <y >. 

248. CuMULO-sTRATUs. The variety of cloud to 
which this name is given, combines the characteristics 
of the cumulus and stratum. Its base consists of a hor- 
izontal stratum or layer of vapor, from which rise large, 
overhanffinff masses of cum,ulus (fiffure 14.. f\ Soixie- 

'=' ^ ^ '=' Jigrtizecrby^ 
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timea contiguous cumulus clouds unite, and passi^ m/o 
rize '''th^'^ c««^"l?-tratus, form groups oF iaj^e^,^ 
nr k r ^^"^"^ ^^ ®^^"^ *"^ perfection upon the ao- 
proach of .a thunder-storm, when the cumulus clouds 
ariven together by the wind, are piled upon each other/ 
ana assume those peculiar forms Commotily koown hv 
^^y^^me of thunderheads. 

249. This modification also frequently arises, when 
ine cumulus is pierced by the cirro-stratus ; and it is by 
no means unusual to see four or five parallel bars of the 
cirro-stratus, one above the other, passing through the 
sanae pile of clouds, which then present successive tiers 
ot the cumulo-stratus. 

250. Nimbus, or Rain-Cloud. This cloud is so 
coiled from the Latin word, nimbus, a rainy dark cloud ; 
It possesses no peculiarity of form, but is distinffuished by 
Its uniform gray tint and fringed edges (figure l*-. ^> 
It IS usually composed of some of the preceding c^^^^f! 
of clouds so blended together that they cannot V>e dis- 
tinguished, and is produced by a change in their ^^"""^"^ 

^&1.1 he nimbus often originates in the Gum^^^T^ T^a:. 
tus, which, as it increases in thickness, frequet^tly ^^ 
sumes ^ black or bluish tint. In a shori tinie tbi^ ^^^. 
changes^ to ^ray, a circumstance which indicate^ ^^^ 
the nimbu s is formed and rain descending. 

When ia this cloud most perfectly formed 1 

Under iwihat other circumstances is the cumulo-strnti» seen % 

Descnbe the nimbus. 

Howisitdiatinguiahedl 

Of what does it consist 1 

flow is if caused ? 

fa what cJoud does it often originate? 

What does a gmy tint indicate? 
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CHAPTER lY. 

OF DEW. 

252. Dew is the moisture spontaneottsly deposited 
upon the surfaces of bodies exposed to the atmosphere, 
when the latter is free from the presence of fogs ana 
rain, 

253. The whoU subject of dew was most happily 
illustrated by the observations and experiments of E)r. 
Wells, in 1812 ; and the theory which he then advanced 
is now generally received, supported as it is by a vast 
assemblage of facts. 

254. Deposition. The deposition of dew is caused 
by the unequal radiation of heat from the atmosphere 
and the substance bedewed. During the day, the bodies, 
that either compose the solid crust of the earth or clothe 
its surface, become heated by the solar rays, and the 
lower stratum of that portion of the atmosphere which is 
directly above, is then likewise raised in temperature, 
and its capacity for moisture increased. 

When, nowever, the night comes on, and even before, 
the earth and air, radiating their acquired heat into free 
space, sink in temperature ; but the loss of the former is 
greater than that of the latter, since, during the night, as 
experiments show, the air a few feet above the ground, 
is sometimes warmer than the surface of the soil, by^ 
teen degrees. 

It thus occurs, that the stratum of air immediately in 
contact with the earth is cooled down by the latter, be- 
yond the point of saturation ; and the excess of humidity 
is condensed, upon the substances that form its surface, 
in drops of dew. (Art 65.) 

255. It may therefore be assumed as a principle, that 
dew never begins to be deposited upon the surface of 

What is the subject of chapter fourth 7 Define dew;)igitized by vjOOQ IC 
Whose theory is generally received 1 

•rv •_ ^u_ J s*j _r J I n m^ 
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a^y body^ until it is colder than the contiguous atmos- 
phere ; and, other circumstances being* the same the 
greater this difference in teinperature, the gi^eater tb& 
amount of dew. 

The quantity of dew deposited within any given time, 
depends, chiefly, upon the humiditt/, serenity, and tran- 
quillity of the atmosphere ; and the constitution, forniy 
^urface^ and location of the bodies receiving the moisture. 

INFLUENCE OP THE CONDITIONI OP THE ATMOSPHERE. 

^ 256. Humidity. That the quantity of latent vapor 
in the air must regulate, in a great measure, the amount 
of dew, is perfectly clear, si<ice the latter is nothing else 
than condensed atmosp/ieric vapor. 

257. Serenity. Every thing that favors radiation 
from the earth, and consequently produces an ^"fj^*^ ;t 
of cold, contributes to the formation of dew. '*^'^^a;a- 
is copiously deposited on serene nights ; for the Tfi^ oO- 
tion from the earth then proceeds unchecked : ^^ {"'udV 
the contrary, little or no dew is seen after ^ J^^v: ^^ 
night ; since the canopy of the clouds reflects '^^f'tain- 
the earth ihe heat that is proceeding from it, ^^?i^^\r\^ 
ing its surface and the contiguous air at nearly tb® *" 
temperature. ^^ 



If, however, the clouds separate only for a ^^^ i0- 
ments, the heat escapes from the earth through ^*^^^ i» 
tervals, and dew is rapidly deposited; but if the ^*^^^d 



again suddenly overcast, the radiation is arrested, ^^^ 
the heat reflected back to the earth, raising th^ j r 
perature at its surface, and speedily evaporating ^A^^^^^ 
just formed. 

258. These singular changes in temperature -^exo 
observed by D^. Wells. On one night, the sky toeing 
dear, the temperature of the grass, at half past :a:2ine, 
was 32° Fah. ; in twenty minutes afterwards, the h ^a^^;^ 
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twenty minutes more, under a serene sky. it sunk again 
to 32° Fah. It was also found, that a thermometer ly- 
ing upon the grass, would rise several degrees, if the sky 
directly above it was covered by a cloud only for a few 
minutes. The influence of clouds upon the tempera- 
ture of the air is by no means as great ; for while, on one 
evening, when the sky was obscured for the space of 
forty-five minutes, a thermometer placed upon the turf 
rose fifteen degrees, another, suspended in the atmos- 
phere just above, rose but three and a half degrees. 

259. TaANauiLLiTY. In a caZm night, other circum- 
stances being the same, more dew will be deposited 
than when it is windy ; for, the wind will not suffer any 
one portion of air to remain long enough in contact with 
the cold surface of any body to condense much of its 
moisture, hurrying it away before it is sufficiently cooled 
down for this purpose. 

260. A slight agitation of the atmosphere, however, 
is of advantage ; since, after one portion of air has de- 
posited upon any surface its exuberant moisture, it re- 
moves it from the spot, bringing up a fresh portion to 
the same place, and so on successively ; giving time to 
each to sink to the temperature of the surface bedewed. 
As the night advances, and the earth becomes still 
colder, the same volumes of air, renewing their contact 
with the same surface, may be again surcharged with 
humidity, and deposit more dew. 

261. Evening and Morning. Dew is often formed 
towards the close of the afternoon, in consequence of 
the earth then losing more heat by radiation than it 
receives from the slanting rays of the descending sun. 
It also freauently forms in shady places just after sun- 
rise ; for the surface of the globe, which has been grad- 
ually sinking in temperature during the night, is not 
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immediately influenced by the warm beams of the sun. 
Indeed, at this time, more dew is deposited than at any 
other equal period in the twenty-four hours. 

INFLUENCE OP THE StJBSTANCfi BEDEWED. 

262. CoNSTiTttTioN. Since the production of dew 
requires that the body bedewed must be colder than the 
surrounding atmosphere, aU substances^ which rapidly 
lose their own heat and slowly acquire that of others^ 
are susceptible of being copiously bedewed. On the con- 
trary, substances possessing the opposite qualities con- 
tract but little dew. . 

Under the first class may he included glass^ stUc^ 
dovm, wool^ and, in general, all bodies of a porous tex- 
ture ; while metaU and rocks belong to the second divi- 
sion. 

263. If similar plates of polished glass and metal are 

exposed alike upon the soil during a favorable mgni, 

in the morning the glass wiU be drenched with dew, out 

the brightness of the metal will be scarcely dimwm. 

These different results arise from the ^ct, that, wmie 

the glass is deprived by radiation of ninety f^^'^f\'r 

of its original heat, twelve hundredths is all ^^^^J"^ 

metal loses. Besides, the glass, being a bad <^or^^^^\ 

draws but little warmth from the earth to supply its loss , 

while the metal, being a good conductor, can easily 

restore any reduction of heat from the warm soil immc 

disitely below. , «i<rVit 

Xarge plates of metal, exposed ^^''^''^^'^f ^^lr& 
Ji^^er acquire a temperature more than ttiree or j 
dG^rees below that of the atmosphere. . 

S64. Surface AND Form. ^ P^^^^i"^ ''f'^ZvT^ 
Aot radiate so well as one thB.t is rough ^nd un^^^^ 
aic^d the latter is always found, under a like expo^^^^^ 
t,o receive more dew. Points radiate heat most lap^aiy, 

-Account for its deposition at this time. ^iajtizofJ^y CjOOQ IC 

XVhat substances are capable of being copiously bedeweirr o 
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and are therefore the coldest portions of a radiating 
body ; hence, of all the globules of dew that form upon 
blades of grass, the largest are found at the very ex- 
tremities. 

Grass is well known to be copiously bedewed ; its 
form, as just mentioned, causes it to lose its own warmth 
with great rapidity, while its porous texture prevents 
it, at the same time, from replenishing its loss from the 
soil. 

265. Location. If a body is screened from the open 
sky, it contracts less dew than when fully exposed ; for 
the screen arrests radiation in the manner of clouds ; 
and the difference in temperature between the sheltered 
body and the contiguous air, is less than that which 
would exist between the same body and the surround- 
ing atmosphere, were the substance bedewed entirely 
unsheltered. This has been proved by the experiments 
of Dr. Wells. 

266. In four trials, made with two parcels of wool, in 
all respects alike, the first of which was placed upon the 
upper side of a board, four feet from the ground, and the 
second loosely attached to the under side, the gain, in 
dew, was as follows : 

l«t night dd. 3d. 4th. 

1st parcel, 14 19 11 20 

2d do. 4 6 2 4 

We hence perceive^ why, beneath the shelter of trees, 

and on the under surfaces t)f leaves, but little dew is 

found. 

267. Dew has never been found upon the surface of 
large bodies of water ; for whenever the aqueous parti- 
cles at the surface are cooled, they become heavier than 
those below them, and sink ; while warmer and lighter 
particles rise to the top. These, in their turn, become 

What of points 7 .3^0alp 

Why are the largest beadu of dew upon the end of the blades of gns^^^^Q ^^ 
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heavier and descend ; and the process continuing through- 
out the night, maintains the surface of the water and 
the air at nearly the same temperature. 

Dr. Wells ascertained, by experiment, that even a 
small quantity of water gains no weight by exposure 
during a single night. 

It appears, from the narrative of the U. S. Explormg 
Expedition, and from other sources, that on the ocean 
heavy deposits of dew sometimes occur upon the decks 
Oi vessels 

268. The exposed parts of the human body are never 
covered with dew ; since the vital heat, varying from yb 
to 98° Fah., effectually prevents such a loss of warmtH 
as is necessary to its production. 

269. CoLOK. A few experiments were made by Dr. 
Wells, in order to ascertain the effect of color upon 
dew ; but without any decisive results. In \666,ijt. 
Stark, of Edinburg, made two experiments, from wwcn 
he inferred, that under like exposures, more dew was ae- 
posited upon rfarA-colored bodies, than upon hgM-ooio\^ 
But the author of this work, from an i'^vestigation prt^ 
ecuted by himself during the summer of 1840, »" V-,. 
at the conclusion, that color exerts no influence wnm 
ever upon the quantity of dew. This fact might also o 
iaferred from the experiments of Dr. Bache on heat 
w^hich clearly show, that the amount of radiation is no 
effected by color. , , 

, 270. Observations. The observations, which have 
be«n made in various regions of the globe, i^,' & . .y 
thfce occurrence of dew, strongly corroborate the tn> 
of Dr Wells. In Bengal, during the month of J^o'«f»^ 
b'er, the nights are beautifully sererw, and accompanie 
vvith A6a4 dews; but in April and May, when At^ 
*^-inds prevail, with a close and cloudyj^^^o^^^^^^ 

AVhat experiment was made by Dr. Wells 1 _ ^ 
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dew 19 deposited. Prom September to March, the sun 
^lows like aa orb of fire over Southern Guinea ; but the 
nights are cool, and the parched soil is refreshed with 
abundant dews. In Egypt, profuse dews, like rain, 
occur in the summer, when the nights are resplendent 
with stars; while at Thebes, where the sky is con- 
stantly serene, abundant dews are the pnly moisture 
that the earth receives from above, during the lapse of 
many years. 

271. Pacts explained. The explanation of several 
familiar facts, depends upon the foregoing principles. 
Thus, for instance, if, in a warm summer's day, a glass 
is filled with cold water, the exterior surface is seen 
covered with moisture ; for the reason, that the glass, 
being colder than the air in contact, cools the latter be- 
low the dew-point. In summer, caves and cellars are 
damp; because the warm air that enters them from 
without is cooled down, and its humidity either floats 
in the atmosphere, or is condensed in beads of dew upon 
the stones. 

272. Beneficent Distribution. The mode in 
which the blessing of dew is dispensed to the earth, 
beautifully exemplifies the benevolence of our Creator. 

In the temperate climes, where the frequent inter- 
change of sun and shower preserves the earth from the 
extremes of heat and moisture, very little dew is needed, 
and but comparatively little is deposited. The regions 
however within the tropics are deprived of rain for 
months, and this destitution is partially supplied by 
th^ dews, which precisely at these seasons are most 
abundant. 

273. The lake and the river are not visited by dew, 
for no form of vegetation exists within them that n eeds 
its presence. To the naked rock it comes but in scanty 
measure; for there is nothing here to nourish — eave. 
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pature, is adapted to its situation ; and though »nrin 
log from the cleft of a rock beneath a tropic sun or 
%^]^^^S ils roots in the sands of the desert, is capable 
or!i^^^"^ from the air an adequate supply of mowture. 

274. Upon the foliage of the grove very little dew is 
aeposited, in consequence of the inclined position of the 
leaves, their frequent motion, and the shelter they 
afford each other. Nor is it needed ; for the natural 
supply of moisture rises deep from the soil through the 
parent trunk, diffusing itself throughout every branch 
to the remotest extremity of the slenderest bough. 

275, The dew, however, blesses, in all its invigorating 
exuberance, the humble plant and tender herbage, a 
vast class of vegetable life,*^at once the most Pf ^^^S 
and the most useful ; it is the first of all to feel the effects 
of drought, and vet it is that which is necessary ^ ^" 
very existence of man. Prom the field, not f^'^^.Jf^e 
forest, comes our support : and the failure of a smgi^ 
plant, the grass or the bladed grain, may bring ^P^^ ^ 
nation scarcity and famine. 



CHAPTER V. 

OP HOAR-FROST AND SNOW. 

276. Hoar-Prost. Hoar-frost is produced in ^^^ 
®^"^® manner as dew. Late in the spring, and early t^ 
the fall, the srirface of the earth, during serene nigVit.^ 
sinks m temperature below the freezing pointy xvhile tV*^ 
atmosphere, a few feet above, is higher lyy sever^^ 

The moisture which is then deposited becomes co<^^ 
^Au ^^ sparkling crystals ; and the stencis of" plixr>*^ 
and the branches of low shrubs are often adorned Avi*-" 
fringes, fornaed of the most beautiful and delicate crjT^^ 
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277. A species of hoar-frost occurs when a warm 
south wind succeeds a continuance of cold weather. 
Stone columns and buildings are then covered with 
a snowy incrustation, composed of an assemblage of 
minute crystals, caused by the influence of the low 
temperature of the stone upon the condensed vapor of 
the air. 

The effect of a cold body upon moist air is well shown 
by the following facts related by Ballantyne, who resided 
for two years at York Factory, in the vicinity of Hud- 
son's Bay. After narrating the adventures of a hunting 
expedition in the depth of winter, he thus describes an 
incident that occurred upon the return of himself and 
his companions to their dwelling. " It was curious to 
observe the change that took place in the appearance of 
our guns after we entered the warm room. The barrels 
and every bit of metal upon them instantly became 
white, like ground glass. This phenomenon was caused 
by the condensation and freezing of the moist atmos- 
phere of the room upon the cold iron. Any piece of 
metal, when brought suddenly out of such intense cold 
into a warm room, will in this way become covered with 
a pure white coating of hoar-frost. It does not remain 
long in this state, however, as the warmth of the room 
soon heats the metal and melts the ice. Thus, in about 
ten minutes our guns assumed three different appear- 
ances. When we entered the house they were clean, 
poUshed, and dry ; in five minutes they weie as white as 
snow, and in five more were dripping wet" 

278. Every thing th3,t prevents the rcu nation of keatj 
arrests the formation of hoarfrost. During the chillj^ 
nights of spring, plants that are sheltered by trees ar^^ 
less liable to be frozen than those which are fully exL— 
posed ; and a slight covering of straw, or even of pape^^cr 
will often afford an effectual nrotection. Vinp.varr^k. ., 
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279. The effect of a screen in checking- radiatl 
and thus preventing frost, has been hnely illustrated 
the experiments of David Scott, of India. T'hroaghi 
the whole region of Upper India, ice is artificfaiij p 
cured by placing upon a layer of dry straw, in i 
bottom of small pits, and fully exposed to the clear si 
broad, shallow earthen pans, filled with water. Sv 
is the radiation during the night, that a thin crust of 
will sometimes form upon the water, when the tempe 
ture of the air on a level with the pits is as hign 
41°Fah. . , 

On one occasion, Mr. Scott extended a muslin tui^ 
across a pit, three feet above the pans. Tso i(^ 
formed in the vessels immediately under it ; o\xh ^ 
eral that were partially covered, ice appeared ^P" .^ 
part of the water beyond the shelter of t»®.^ ft^ 
while the surface beneath the turban remauied w ^^^ . 
state. Two strings, crossing each other at^ , 

height above a pan, under favorable cnxa^^^*^ ^ , 
divided the ice into four quarters, the water beneau 
strings continuing unfrozen. 

SNOW. 

280. Snow is the frozen moisture that desc^rtdsfro 
the atmosphere when the temperature of the cL^r ai } 
surface of the earth is rhear or below the freezt/rtg poz 

281. Sntow-Flake. At moderate heights, and m 1 
temperate regions, snow commonly falls after s^^e 
days of severe frost when the weather has moderal 
The largest flakes occur when the air aboixncls v 
vapor and the temperature is about 32° Fab.. ; but 
the moisture diminishes, and the cold increases, 
snow becomes finer. , , 

In the former case, it is not unusual to oDs 
flakes an inch in diameter ; and in the latter, tlney 
measure a few hundredths of an inch. 
j iyiiizuuuyLjQQglC 
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At Bossekop a fall of snow occurred when the thermo- 
meter stood at 10° Fah., and the diameter of the flakes 
then scarcely exceeded seven hundredths of an inch. 

The snow-flake is composed of regular crystals, and 
its beautiful figures and rich diversity of forms have 
ever excited the admiration of observers. In solid ice, 
the crystals are so blended together that their symmetry 
is lost in the compact mass ; but in snow, they are per- 
fectly developed, when the flakes descend through a 
calm atmosphere. Any agitation of the air, or an in- 
crease of moisture or temperature, destroys their- deli- 
cate structure. 

If the crystals of snow were solid, they would be 
transparent, like other crystallized bodies; but they 
contain air, and to this circumstance is attributed their 
brilUant whiteness ; for the air preventing the ready 
transmission of light through the snow-flake, the rays 
are copiously reflected from the assemblage of crystals 

The bulk of snow which has just fallen is ten or 
twelve times greater tlian that of the water obtained by 
melting it. 

282. Though single crystals always unite at angles 
of 30°, 60°, or 120°, they nevertheless form, by their 
difierent modes of union, several hundred distinct 
varieties. 

Scoresby, a celebrated Arctic navigator, has enu- 
merated six hundred, and delineated ninety-six; and 
Kaemtz has observed twenty more, not figured by 
Scoresby. 

283. Snow-Crystals. Although the varieties are 
so numerous, they are all comprised under Jive principal 
classes. 

1st. Crystals in the form of thin plates ; they are 
generally very thin, transparent, and of a delicate 

How small are they 1 

Of what is the snow-flake composed 7 Digitized by CjOOqIc 

How is the whiteness of snow caused 1 ^ 

Whnt ia mfd of the bulk of annw 1 
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Structure. This class includes many remarkable vari- 
eties, which are represented by the first twenty-five 
figures of the annexed cuts, (15., 16.) 

2d. Flakes either possessing a spherical nucleus^ or 
a plane figure^ studded with needle-shaped crystals, 
(figure 26.) 

3d. Slender prismatic crystals; usually six-sided, 
but sometimes having only three sides, 

4th. Pyramids with six sides; (figure 27.) 

5th. Prismatic crystals, having, perpendicular to their 
length, both at the extremities and in the middle, thin, 
^X'sided plates; (figures 28., 29. and 30.) The last 
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Fig. 16. 



BNOW-CRYSTALS. 



two classes are extremely rare, ScOresby having ob- 
served the fourth but once^ and the fifth only twice^ in 
all his voyages. 

Flakes belonging to two consecutive falls of snow, 
possess different figures ; but those wbich descend 
during the same storui, are usually alike in this par 
ticular. 

284. Natural Snow-Balls. Balls of snaw ave 
sometimes formed by the action of a high wind upc^lC 
Ught snow. Prof. Cleaveland, of Brunswick, in ZMaine; 
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observed, on the first of April, 1815, a great number of 
snow-balls scattered over the fields, varying from one 
to fifteen inches in diameter. They had evidently been 
caused by the wind rolling up the snow, as the track ot 
the balU was distinctly visible. In 1830, similar balls 
were seen by Mr. Sherifi", in East Lothian, scattered 
over a wide extent ; some of the masses being eighteen 
inches in diameter. r u* i • j 

285. But the most remarkable exhibition of this kind 
was beheld by Mr. Clarke, of Morris county, JNew Jer- 
sey, in January, 1808. A crust having formed upon 
the snow that had previously fallen, a light snow soon 
after occurred, covering the glassy surface to the deptn 
of three-quarters of an inch; the sky then suddenly be- 
came serene, and a high wind arose. Beneath the lorce 
of the gale, small portions of snow would slide along loi 
the distance of ten or twelve inches, when *«y,^ouia 
begin to revolve, rapidly increasing both in lengj'*^';" 
diameter. Where the descent of the ground favoied 
their formation, ma8.=.es rolled up to the stze o/ o ^arm, 
and, as far as the eye could see, the dazzling suifece 
was covered with balls and cylinders of sriow , Jfj;"^ 
in magnitude from ten inches to three feet %n <*»«"'^;V 
Upon Ixamination tfiey were found to be hollow at eacn 
eaci, almost to the centre, and as >ound as if they n^^ 
been so many logs of wood turned «».*iJ^r° „,,„bei 
cylinders covered nearly 400 acres, and their numo 
Was judged to be nearly 40,000. 

386. Red Snow. In 1819, Capt. Ross beheld sno. 
of a brilliant crirnson hue, clothing the sides ^^ 

oio^intains at Bafiin's Bay ; rising, according to 
port, to the heightof several hundred feet, and extenu 
'o t, he distance of eiffht miles. „„ i j. ♦ i 

Snow of this tint is not, however, f "'fine^ to 

^r<3tic regions. Raymond had pie^^o"'^^ "'I'^'Jead ov 
Ui« Pyrenees. In 1818, vast masses were spjead^ov 
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the whole range of the last-mentioned chain was covered 
witli rose-colored snow. The same phenomenon was 
seen by Scoresby, Parry and Franklin, in high northern 
latitudes, and the navigators of the southern hemisphere 
have found red snow in great quantities at New Shet- 
land, 62° S. Lat. 

287. In snows of great depth, the accounts differ in 
regard to the thickness of the colored stratum. Ross 
conjectured, that, in the Arctic mountains, the crimson 
hue penetrated to the depth of several feet below the 
surface ; while others could not detect its existence be- 
yond one or two inches. 

Among the Alps, the red snow is usually discovered 
in little sheltered hollows, in layers not exceeding twc 
or three inches in thickness: though these are some- 
times situated far beneath the general surface of the 
snow. 

288. Green Snow. When the French meteorolo- 
gists, Martin and Bravais, traversed a field of snow at 
Spitzbergen, in 1838, it appeared of a green hue, wher- 
ever it was pressed by the foot. The coloring matter 
seemed to reside just below the surface, which was bril- 
liantly white. 

Upon another excursion, the first observer beheld the 
green particles spread like dust over the snow, which 
was also tinted green beneath the surface, and upon the 
sides of the field. 

289. Cause. These singular hues are produced by 
the presence of an infinite number of a certain class of 
microscopic plants, which from their great tenacity of 
life, are capable, not only of existing at a very low 
temperature, but even of flourishing with extraordinary 
vigor. 

These minute vegetable forms are composed of glob- 
ules, which vary in diameter from one-thousaridth of an 
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live a great n imber of animalcules. The cells are gen- 
erally red, which is supposed to be their original color 
tne green tint being probably acquired by exposure tJ 
tne au- and light. 

These extraordinary hues may, therefore, be regarded 
as originating in the same plant, in different stages of 

/^yu. Uses of Snow. Snow subserves many impor- 
tant purposes. Gathered in exhaustless stores upon the 
nigh mountams of the globe, it feeds, as it gradually 
melts beneath the heat of summer, thousands of rivers, 
Which, flowing on from clime to clime, enrich the soil 
and crown the land with plenty. 

The snow-capped mountains are the natural refriger 
ators of the glowing regions that lie within the tropics j 
l^h^^ ^h® winds that pass over them, and mitigating 
tile fierce temperature of the atmosphere. 

m the higher latitudes, where the winters are severe, 
ine snow forms a warm covering for the soil, and de- 
lends vegetation from the rigors of the frost. It is well 
^noivn, that grain, during an open winter, is frequently 
aestroyed by the cold ; and, in the mild climate of Eng- 
and, Alpine plants huve perished, in consequence of 
emg deprived of their natural covering of snow. 
. /^^'■ing the long night of the polar chmes, the inten- 
y ^1 ^he darkness is diminished by the presence of the 
ihi^ ' inasmuch as it reflects, instead of absorbing, like 
fh I ^® ground, the faint light that there proceeds from 

e ssJcy. Nor is it to be forg-otten, that, in these incle- 
dii .^^ ^^ff'ons, the wretched natives would be unsheltered 
^^1*^8" the winter, were it not for the snow ; since this, 
«ei::icut into blocks, supplies the Esquimaux with the 
e^MTxs of constructing their huts. 



"^^^Kat is said in regard to the uses of buoid 7 

, 6 
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CHAPTER VI. 

OF HAIL. 

291. Hail. The ice that descends in showers, and 
usually in summer^ is called hail. It is different from 
sleet, which is nothing more than frozen rain, and oc- 
curs only in cold weather. 

292. Structure. Hailstones are generally pear- 
shaped, and if they are divided through the centre, they 
are found to be composed of alternate layers of ice and 
snow, around a white, snowy nucleus, resembling the 
coats of an onion. The surface is rough, and is some- 
times studded with icicles. 

•' 293. Size. Hail varies in size, from stones as small 
as a pea to those which are several inches in circumfer- 
ence. Benvenuto Cellini relates in his memoirs, that 
during his journey from Italy to France, he was over- 
taken by a terrible storm in the vicinity of Lyons ; hail- 
stones falling of the size of lemons, and with sufficient 
force to kill even men and cattle. 

At Roncesvalles, in August, 1813, there fell upon a 
division of the British army a storm of hail, in which 
the stones ranged in size from a bean to a hen's egg. 
The tin camp-kettles of the soldiers were indented by 
the masses of ice, some of which were round, and armed 
with icicles three inches in length. 

In May, 1847, hailstones of immense size descended 
near the town of McDonough, in Georgia ; one of them 
was measured an hour after it fell and found to be ten 
inches in circumference. During a terrific storm, that 
occurred at Cazorta, in Spain, on the 13th of June, 
1829, the roofs of the houses were broken in by the hail. 
Some of the stones are stated to have weighed nearly 
four pounds and a half It is probable that such extra- 
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ordinary masses as those which have been njet»^- , 
areJor«ed by the union of several hail^Sest^r^' 

QEOORAPHICAL DISTHIBUTIOW. 

c/£t S^'°T *'*' ^st frequent in the temperate 
tbeTt';^^ ?''*^y °<'*^"'" within the tropics, except in 
the i^".^r °'o"tttains whose summits tower above , 
common *K P^O^^'ial frost. Although by no means * 
latkS «^ "® "''^ unknown in tSe high northern 
exposed in frP"*"*; «" the 12th of August, 1839, was 
a t?^mf A ^''^^s'^aits of Boothia, in 68° 32' N. Lat., to 
of raS?nrK'^"°'l^'"-'*°'"™' accompanied with torrents 

of thl ^= T° «"»»»«•, and usually at the hottest fart 
occS: in'Se^^t!'" " -^'^"^^^ ^°^*^ ^"^^"''^ '"' 

OBIOIN. 

not forZd^f "'*"""V^ *f»« ^a«8tone shows that it is 
the snXv „^ once; for the concentric layers around 
mois/ r7^ nucleus, consist of different accessions of 

the 8urf?ce*"f If**"*^^ condensed and congealed upon 
rpi J. 1 *''^® stone. 

toindicat?'^'h''"!T^*?''*"''®°^ ^^'^ snowy centre, seems 
in the a/mA 1 * the place of origin must be some regioa 
fe«S7- ,W P.u^''*^*'^''® the air is rare, and the cold hv- 
that Drp,r„f J . appearance of the centre is similar to 
the Pvha.; » ®r ''y * ^'■°P of water, when frozen under 

296 ft' '^'^'^"'^'•"^^"^"•Wmp- 
that a w *^ necessary then for the production of hail, 
another h"^™' '^"'"'^ ^^Y of air should mingle Tvilli 
unitine- sh ®jftremely cold, that their temperature, after 
Wnationm ^ below the freezing fomt. Th.is com- 
_____^^™ust also take place during the warmest period 

Where rare^"'i^*°""**®'"^°''y°''°"'' -- i 

When H«?k'' Digitized by CjOOQ IC 
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of the yecar and the day. In accounting for an intense 
degree of cold under such circumstances, consists the 
great diflSculty of explaining the phenomena of hail- 
storms. 

297. Until within a few years, almost every meteor- 
ologist attributed the cold of hailstorms to the agency 
of electricity. It is well known that air, when electri- 
fied, is expanded, and that expansion pioduces cold. It 
was therefore imagined, that the electrified state of the 
atmosphere before a storm, caused such a reduction of 
temperature as to freeze the falling moisture and pro- 
duce hail. 

Volta, a distinguished philosopher of Prance, sup- 
posed the cold to be the result of evaporation, but em- 
ployed electricity in a singular manner, as explained 
below. 

298. Volta's Theory. According to this theory, 
two clouds, differently electrified, are supposed to extend 
through the sky, one directly above the other. The cold, 
caused by evaporation from the upper surface of the 
lower cloud, is considered to be so intense, that the vapor 
is frozen, and the nucleus of the hailstone then formed. 
Its size is afterwards increased by the humidity it gathers 
in vibrating backwards and forwards between the two 
clouds, like the dancing figures upon electrical plates. 
(C. 969.) At last it becomes so large, as to break through 
the lower cloud, and fall to the earth. 

299. The sanction of a great name gave weight to 
this fanciful view, and in 1821, throughout the southern 
districts of France, which are peculiarly liable to hail 
storms, hail-rods were erected, in order to draw the 
electricity from the clouds, and thus protect the vine- 
yards. Their efficacy, however, is exceedingly question- 
able. 

The electric hypothesis is, moreover, at variance with 
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nd zone, where the development of atmospherical elec- 
tricity is greatest, hailstorms are almost unknown. 

300. Olmsted's Theory. Prof. Olmsted, of Yale 
College, considers electricity as an effect, and not the 
cause of hailstorms. According to his theory, which 
has been very extensively received, the cold body of air 
derives its low temperature, not from electricity, but from 
mme known source of cold ; and the combination, which 
occasions the hail, may arise in various ways, the prin- 
cipal of which appear to be the following. 

301. First. An exceedingly cold wind, coming from 
a region far above the limit of perpetual frost, may 
fneet with a current of warm air, blowing f ram apoirU 
many thousand feet below this limit. 

Secondly. By the force of whirlwinds, large volumes 
of warm, air from the surface of the earth m^ay be sud- 
denly transported into the higher and colder regions of 
the atmosphere. 

Thirdly. In the vicinity of lofty Tnountains, cold 
blasts are frequently known to sweep down their sides 
f^orn the snowy peaks and glaciers, and mingle with 
^f^^ rearm atmosphere of the vales. 
Each of these methods we will discuss separately. 
302. Curve of Perpetitai:. Congelation. In Art. 
^\ we have seen that » point can be reached in every 
^a^iCude, where moisture, once frozen, always remains 
®o- An imaginary line passing through these points, 
^^^ extending from pole to pole, forms what is termed 
^^ <nirve of perpetual cong-elation, which possebse* the 
pecxaliar figure shown in the annexed cut. 



•Oc>cs the electric theory agree with facts 7 

^W^l^at are Professor Olmsted's views in regard to elcctricltrl 

^V'lience comes, according to his theory, the cold of the haUst^^w ^ 
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CURVB OF PBBVKTnAL CONGBLATION. 

303. The heights of the curve from the surface of the 
globe vary but little from the equator to Lat. 30° ; but 
from 30° to 60° th6 change is very great, and the line 
rapidly approaches the earth. 

The difference in the height of the points of congela- 
tion^ for every five disgreed of latitude, is Jpresented in the 
following table : 

Lat Difierence of height in ibet 

0° to 5^ 122 

6° to 10° • .... . . 388 

10° to 15° . . . . • • • 569 

15° to 20° ...... . 779 

20° to 26° 689 

25° to 30° "....•.. . 1,438 

30° to 35° 928 

35° to 40° • • . • • . .1,648 

40° to 45° 1,358 

45° to 50° ...... . 1,398 

50° to 55° 1,348 

55° to 60° 1,228 

60° to 65° 1,168 

65° to 70° 959 

70° to 75° ..... . . 809 

75° to 80° 628 r^^^T^ 
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Vmd, originating m 50° IN. Lat., moves hon^nr.. n 
the rate of sirtj/ miles per hour, at an JtkIT k^^ 
thousand feet ; ^vhile a south wind blows aimnltJl "" 
ly from 30- N. Lat. with the like yelocityj^^^^^^ 
same height. 

If they are upon the same meridian, they will meet 
in ten hours at 40° N. Lat., and since the first wind 
commences its course at M, three thousand feet above . 
the limit of constant frost, it will be extremely cold ; 
while the south wind will be comparatively warm, as it 
proceeds from a region, N, two thousand feet below the 
boundary of perpetual congelation. 

By the union of air, thus widely differing in tempei^ 
ature, the inherent atmospheric vapor is both condensed 
and frozen, and the central portion of the hailstone 
formed, which, in its descent to the earth, is graduauy 
enlarged by constant accretions of frozen moisture. 

305. The prevalence of such opposite currents as 
have just been supposed, has already been shown K^^r 
^^) ; and it is by no means improbable that, m tueii 
ceaseless circuits, there are times in which they ^fJ5^^"^' 
ter each other. It may be asked, how can the diflerent^ 
winds preserve their respective temperatures, in ^^^^^^^^^ 
a distance of ten degrees? To this it is answered, mar ^ 
fluid in motion can pass through a fluid of the sarr^^ 
kind in repose, and differing in respect to heat, witho^t^ 
suddenly choMging its own temperature. Th& waters 
of the Gulf-stream, flowing through the North Atlantio 
from the torrid zone, are warmer than the ocean, even 
in the latitude of Newfoundland. 

306. The occurrence of hailstorms, under ^^^®?,,^l^" 
cumstances, substantially agrees with facts. It wiVl e 
seen, by referring to the figure, that the mixighng^i 
opposite winds, at a lofty elevation, in the ^^^jP'*-^^' '-^/, 
Nvou\d occasion nothing but a combination of impute ^ 



Explain the action of opposite currents. 
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rents^ aad in the polar climes of cold currents^ A, A'j 
in neither case could hail be the result of the union. 

In the temperate regions, the admixture of warm and 
intensely cold currents can only be found, and precisely 
within these limits hailstorms are most prevalent. 

Their frequency in summer is attributed to the cir- 
cumstance, that the opposing winds are then most 
easily set in motion by the increased energy of the solar 
rays. 

307. The space ravaged by hailstorms, often indicates 
the presence of aerial currents, the devastations being 
frequently confined to a long and narrow strip of coun- 
try. Sometimes the storm proceeds in two parallel 
tracks, leaving the intervening region entirely unin- 
jured. 

Thus a hailstorm once commenced in the south of 
France in the morning, and in a few hours reached Hol- 
land, The places desolated formed two parallel paths 
from S. W. to N. E. ; the length of one was 435 miles ; 
and that of the other 497 miles. The average width of 
the eastern track was five miles, and that of the western 
ten ; and upon the space comprised between them, which 
was twelve miles and a half in breadth, no hail fell, but 
only a heavy rain. 

308. Action of Whirlwinds. It has been stated, 
(Art. 132,) that whirlwinds are not always vertical, but 
frequently inclined towards the earth. In consequence 
of this position, the gyratory motion of the whirl (if its 
diameter is considerable) will, doubtless, often carry up 
hot and humid air from the surface of the earth into 
the higher regions of the atmosphere, bringing down in 
return large volumes of cold air from the upper strata ; 
thus causing such a combination as results in the pro- 
duction of hail. This action will be more extensive and 
energetic if, as some suppose, whirlwinds at times exist 
rxrU^^ ■ — 'i-i *^ tUo Vinrizon. 
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void l\i« cold air J«™ ^bove will descend, b^ reason of 
ita superior ^eigbt; while heloW, on account of the 
pressure of the surrouadiog atmospnere, warm currents 
will stream under the base into the vortex. Here then, 
may evidently occur a union of hot and cold air, differ- 
mg 80 greatly in temperature that the condensed moist- 
ure will freeze into hail. „f*u„ „,V,„tha 
The cold, arising from therarefactum "f th« ^'r m^ 
centre of the whirlwind, also contributes to the foima 



tion of hail. 



310. INPLTTENCE OP HiaH MOUNTAINS, ^^^^l^^^y'^ 

ity of those lofty mountains, whose peaks are^ ^y^ 
covered with ice and snow, destructive l>^f^"\ies be- 
quently occur. The south of France, wbicn ^^ 

tween the Alps and Pyrenees, is annually i*^ ^^^ goil, 
hail ; so gieat is the ruin to the productions oi ^ ^^^ 
and especially the vineyards, that the y?*' *J „ Society 
national revenue was estimated, by the L.i»" ,^^ ^/iree 
of Paris, at fifty millions of francs, ornme mw 
hundred arid severUy-five thousand dollars. ^7^3^ 

In Peru, bail has been seen to fal ; and on ^^ ^i,^^ 
of August, 1830, it covered the streeU of JXiex 
depth of several inches. . ^^^ese arxd 

311. That such phenomena should arise »». ^^^^ 
similar localities, is by no means «"rpnsing- ^^ 

blasts of wind descending from the f ^J^iSJ the warnx 
the neighboring niounUins, and mingling w^tji ^^^^^^ . 
air of Sie plains, could doubtless occasion ^^J^^^^ted. 
and the existence of such breezes is fully esta .^^ 

312. Haxi. in Southekn India. Haxl s ^ 
occurs within the tropics, even at a dis*anc® ,^ivxa\ 

mountain-cbains that "f^|'l°J« ^^.^'"^urSig^^* V«*^, 
frost. Thus in India, m 16° 30 N. Lat ^m^"^ pigeous 

1825,Vvailstones ^H.^t^^T^'' "^^"^th S«S>F«'^^ * 
eggs ; and in a similar storm, which^JW^;^^^^ 

Digitized by VjOOQIC 



In what locaUties do hailstorms occurl 



130 

Trincon 
nuts. 
313. 

ject, thi 
valuable 
theory '. 
for all tl 

Give ins 
l8 this 8 



Digitized by VjOOQ iC 



PART IV. 

ELECTRICAL PHENOMENA. 



CHAPTER L 

OP ATMOSPHERIC ELECTRICITY. 

314. The atmosphere is usually electrified. The 
oceans employed for collecting its electricity diner ac- 
cording to the object proposed ; for we may desire to 
conduct our investigations at one time in \^^ lower 
regions of the atmosphere, at another in the higher ;^^ 
tie air may be explored to a great distance horizmtatty - 
315 Electrometers. For ascertaining the elec- 
tric state of the atmosphere near the surface of the eartla, 
Volta's electrometer is sufficient. An electrometer is an. 
instrument which serves to indicate and ^neasure eleo- 
tricity. The one just mentioned consists of a glass jar, 
surmounted by a pointed, metallic rod ; and to the lovvor 
«nd of the rod, which enters the jar, two fine straws are 
loosely attached. The pointed rod, collecting the .^^^J^~ 
tricity from the air, the two straws become sirnuanyr 
electrified and recede from each other^ (O. ?5"''V' ^^^ 
amount of divergence measuring the intensity ox tne 
fluid. . 

S16. Insulated rods of iron are erected fot testing 

What is the subject ef part fourth 1 r^ J 

What of chapter first 1 Digitized by CjOOQ iC 

What is the usual state of the atmosphere 1 
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the air at greater elevations. By means of its pointed 
summit, the entire conductor becomes charged with 
atmospheric electricity, the nature of which is easily 
determined by the electrometer. 

At the Kew Observatory, near London, the conductor 
is a conical tube of thin copper, raised sixteen feet 
above the roof; to the top of tiie tube a lamp is affixed, 
its ascending stream of smoke and heated air being an 
excellent collector of electricity. 

Where a fixed apparatus is not at hand, observations 
may be made by discharging metallic arrows into the 
air, in the way hereafter to be described. 

317. Experiments are made in the higher regions of 
the atmosphere by the aid of kites and balloons. The 
string of the kite must be wound with fine wire, in order 
to convey the electric fluid from the sky ; and it must 
also be insulated, by attaching the lower end either to 
a silken cord oi" glass pillar. Small, stationary balloons 
are sometimes employed, the strings of which are 
arranged and fastened in the same manner. 

Occasionally meteorologists ascend in balloons for 
the purpose of making observations. 

318. The method adopted by Mr. Crosse, of Broom- 
field, near Taunton, for exploring the atmosphere in a 
horizontal direction, is the following. Upon some of 
the loftiest trees on his estate, strong poles are firmly 
fastened, and a copper wire extended from tree to tree ; 
its length was, originally, a mile and a quarter^ but is 
now about 1600 feet. The wire, being perfectly insu- 
lated, forms a conductor, conveying the electricity of 
the atmosphere to the room of the observer ; where one 
end of it terminates in an insulated brass ball, near 
which is a receiving ball, connected with the ground. 

In all apparatus for collecting atmospherical electri- 
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319. Electric Conditioiv of the Atmosphere 
fn the ordinary state of the atmosphere, Ua electricity 
is invariably positive ; but when the sky is overcast 
^nd the clouds are moving in different Airections^ it is 
subject to great and sudden variations ; rapidly chang- 
'^^g from positive to negative, and back again, in the 
space of a few minutes. Upon the first appearance of 
fogs, rain, hail, snow and sleet, the electricity is gen- 
erally negative ; it then changes to positive, gradually 
^^crea^ng in stre7igth, and then decreasing in the same 
n^anner ; the alternations both in the strength and na- 
ture of the electricity occurring every three or four 
Wiinutes. Similar changes are observed upon the ap- 
proach of a thunder-cloud. . . 
The atmosphere is highly electrical, either when^of 
weather succeeds a series of wet days^ or wet wea^rier 
follows a series of dry days. 

320. Annuai. Variation in iNTEr^siTY. ^ ^ 
electricity of the atmosphere is stronger in winter thai^ 
in summery and, by comparing observations from mont^n^ 
to month, a gradual decrease in intensity is perceive^ 
fi'om January to July, but an increase from Jvily ^^ 
January. During the winter the electricity strengthGTtS 
with the cold. 

321. Daily Yariation. At sunrise the electricity 
of the air is weak, but as the day advances , it %w:r eases 
in power, \intil 6 or 7 o'clock, A. M. in surriLmev, 8 or y 
in spring and autumn, and 10 or 12 in ^vintev, it then 
begins to diminish, and by 2 P. M. is harcily ^^^'^^^^^ 
than at sunrise. In summer, it continues t.o dectea 

tiW some time between 4 and 6 P. M., and ixi winter 

weakest about 5 P. M. 

After this period the electricity again becoiiaes strong^QQg^^ 
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cr, advancing in intensity until about two hours alter 
sunset ; when it once more begins to abate, growing 
more and more feeble until sunrise. 

Thus, during the day, there is a regular fluctuation 
in the strength of the atmospheric electricity ; two peri- 
ods occurring when its intensity is greatest^ and two 
when it is lea^t. 

322. Variation in Altitude. The electricity 
of the ^\x increases in strength with the altitude. This 
is shown by the following experiment, made by Bequerel 
and Breschet, at the monastery upon the Great St. 
Bernard. 

Having extended upon the ground a piece of gummed 
silk, ten feet long and seven wide, the experimenters 
placed upon it an electrometer ; to this they attached 
one end of a silk cord, into which was twisted a fine 
wire, the other end of the cord being fastened to an iron 
arrow. By means of a bow, the arrow was shot upwards 
to the height of 250 feet ; and as in its ascent the elec- 
tricity of the air was gradually collected and conveyed 
along the wire to the electrometer, the straws of the 
latter were seen to diverge more and more, and at length 
to strike the sides of the glass jar. 

When the cord was detached, the electricity of the 
straws was discovered to be positive. 

323. In order to determine whether this increased 
divergence was really caused by the superior energy of 
the electricity residing in the higher regions of the atmos- 
phere, the arrow was discharged horizontally to the 
same distance as before ; but, as it speeded on its course, 
no increased electric action was manifested by the elec- 
trometer. 

324. Experiments for the same purpose were made 
hv two relebrated Frftnrh nhilnannhpra C^\t Tuaao/- on#l 
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the lower end of which ^metallic ball was attac/ied; 

the upper end being connected ^ff. f " f^e^'tronieter m / 

the car Bv means of this appaiatus, thesis observers 

were enabled to note the electrical changes occurring in 

S2 atooaohere at different heights; and, from their 

triourZmations, arrived abo at the conclusion /A«^ 

creased in strength wUh the altUude. 
OBIOiN. 

325. BvAPOKAXXOt.. One of the "^J^^^^'^ 
sources of atmospherical electricity « f "J^^ co^fi^med 
was shown by Volta, whose expenments^ere ^ ^^^ 
by those of Saussure, that dectncUy vHis pr^^ ^be late 
water was evaporated. But it ?PPe"J XTcase v?he» 
researches of Pouillet, that this is P°]y Vt^mvo^^^^^ 
the water is not pure, and chemical ^^electricity i^ 
occur. If distiUed water is evaporated, no ^^ ^^^^t 
developed ; but if a little chalk, li™^', | ^sing «*?«S 
foreign matter is dissolved in the water, the r ^^aining 
is & positively electrified, and the vessel 
i\\Q ^u\A negatively. „ov.i, are generally r^ 

326. Now the waters of the earth *5® j. the «ap»»:f | 
this latter condition, being -f^:^,fZ\^T&^^^^'^^^^ 
which are constantly ascending from the g ^^^^rtH 
therefore possess pos^vce electricity, a»« 
negative. , . „„ „.- contribute their. 

^-he briny waves of the .«>cean aUo ^^ ,of po^i- 
share, and supply the air with a great ai»o 
tive electricity. , . „j„arices in^^sibly 

327 Tbe process of evaporation adva»c ^^^^ 
andiu sUenJe; and, for this '^^S'/tSoio V^^^tes 
uiidev^alue its ag ency m accumulatmg^ tho^__^ 
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of electric matter which arm the storm with such ter- 
rific power. But when we reflect, that more than two 
hundred millions of hogsheads of water are computed 
to rise daily in vapor from the Mediterranean, we shall 
find no difficulty in believing, that this influence is one 
of the most energetic causes of atmospherical electricity. 

328. Condensation. Condensatio7i, or the change 
which vapor undergoes when returning to a fluid state 
hy a decrea^se of temperature, is another fruitful source 
of electricity. This is shown from the great amount 
of electricity occasioned by the condensation of steam, 
as it issues from the boiler of an engine. 

In one instance, the steam which rushed from the 
safety-valve of an insulated locomotive, was found to 
develop seven timss the amount of electricity produced 
by an electrical machine, having a plate of glass three 
feet in diameter, and making seventy revolutions in a 
minute. Machines in which the electricity was gene 
rated by steam, have been constructed of such power, 
that a spark twenty-two inches long has been obtained 
from the prime conductor, (C. 964,) of sufficient energy 
to inflame shavings. 

329. Vegetation. The vegetable kingdom also 
supplies the air with a great amount of electricity. 

Plants during the day exhale oxygen gas ; in the 
night, carftomc add gas — and from the experiments of 
Pouiltet it appears that positive electricity rises with the 
latter when the seeds first sprout, leaving the earth in 
which they are placed negatively electrified. The same 
results probably occur during the life of the plant. 

330. Combustion. Combustion is still another 
source of electricity. When any substance is burning, 
positive electricity escapes from it, while the substance 

What calculation would lead us to this conclusion 1 

What is the second source 1 ( r\r^rf]c> 

What is condensation 1 Digitized by ^^OOg IL 



'^^%\{\%nieffatively electrified ; iho ^trnosnh^. • ^ 
fcretlie reservoir of all the positive electric! tZff- ^? ^^?''^' 
in this manner. ^^^Jon^,z,ar,i2g^ 

331. Friction. In accounting; for the electricity of 
the atmosphere, the effect of friction is not to he disre- 
garded. If a piece of silk is shaken in the air, it be- 
comes electrified ; and it is highly probable, that when 
niasses of air, moving in contrary directions, encounter 
each other, electricity is developed by the friction of 
their surfaces. Such will be the effect, according to 
Kaemtz, when the masses differ in respect to moisture 
and temperature ; the warmer then becomes positively 
electrified, and the colder negatively. 

The action of the wind upon terrestrial objects, as 
rocks, buildings, trees, and hills, may possibly in uk:© 
naanner produce electricity. 



CHAPTER II. 



OP THUNDER-STORMS. 

332. General Distribution. Thunder-storri^ 
prevail most in the torrid zoue^ and decrease in fr^ 
quency toAvards either pole, .^ 

During a residence of six years in Greenland, 70 I> • 
Lat., Gisecke heard the rolling of thunder but once ; 
and, according to the testimony of the arctic navigators, 
Scoresby, Parry and others, thunder-storms rarely occur 
between the 70th and 75th degree of north \atituae ; 
and never beyond the latter parallel. As respects tvnte, 
they are more frequent during the summer yziontriS' 



Digiti 



zed by Google 



138 



ELECTRICAL PHENOMENA. 



The prevalence of these laws will be seen ffom th« 
observations contained in the following table. 



Places. 


Latitude. 


Period of 
Observation. 


No. of days of 

. thunder in the 

year. 


No. of days of 
thunder during « 


Buenos Ayres, 
Rio Janeiro, . 
Calcutta, . . 
Padua, . . . 
Paris, . . . 
St. Petersburg, 


34° 30' S. 
22° 54' S. 
22«30'N. 
45°15'N. 
48«30'N. 
59«56'N. 


7 years. 

6 " 

1 year. 

4 years. 
51 " 
11 « 


23 . 
51 
60 
-18 
14 
9 


13 
43 
45 
14 
12 
8 



333. Thunder-storms are most violent within the 
torrid zone. Here the play of the lightning is inces- 
sant, and the crashing bursts of thunder most terrific ; 
and none but those who have actually witnessed a trop- 
ical tempest, can form an idea of its awful power. Occa- 
sionally, in the higher latitudes, fierce storms occur, like 
that which was seen by Simpson in the Straits of 
Boothia. (Art. 294.) 

334. Origin. The thunder-storm is produced in the 
same manner as the common rain-storm ; namely, by 
the condensation of atmospheric vapor ; but it differs in 
two respects ; first, in the rapidity of this condensation, 
and secondly, in the accumulation of electricity resulting 
therefrom. 

335. Wo have seen that when vapor is condensed, 
electricity is developed (Art 328) : the cloud then in the 
very process of formation becomes electrified, and to its 
own electricity is added that which collects upon its sur- 
face from the atmosphere ; wheihe'* derived from evapo- 
ration, combustion, vegetation^ friction, or any other 
source. 

This condensation must be copious, or the electricity 
would be weak ; it must also be rapid, else it will es- 



Repeat the table. 
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cape loo fast from the cloud, and never cniu^* • 
ciem stvength. ^^^^^ '^ ^««- 

336. Thunder-storms are usually attended by a chana- 
m the divection of the wind, which account /or the con- 
densatioh of atmospheric vapor; indeed, one of the most 
sublime elements of a storm of this nature, is the coni^ict 
^nd raging of opposing currents. 

In the Meteorological Register of Yfiile College are 
lecorded 116 thunder-storms, which occurred between 
1804 and 1823. Of this number, ninety-nine were 
either preceded ox followed by an alteration in the direc- 
tio7i of the wind; the change in fifty instances being 
from a south-westerly breeze to a north-westerly - 

Since the air abounds with vapor when its tempera- 
ture is high, the condensation will be most copious u 
a loss of heat then suddenly takes place. We ^R®^*®^ 
foi*e easily perceive the reason, why thunder-storms a 
niore frequent in summer than in winter, in ^^\ f^^io 
"Jgh latitudes, and their intensity greatest ia ^"^ ^*^P 
climes. ,^ 

For the same reason they happen more frequeuLi^ 
after mid-day than in the morning. 

337. Electrical State of ThtjistdeR-clo^^^^ 
Since the: air sutrounding^ it is a non-conductor, a ^^^S * 
thunder-cloud floats in the atmosphere a vast insulate^^ 
conductor (C 963) ; its electricity being" spread^ ^^^ 
the surface of the globules of which it is composed, ancx 
there retained by the pressure of the atfnosphere. 

338. Thunder-clouds may be either positively o^^^^S"" 
atively electrified ; and the observations of ^'^^- . ^?^^ 
lead to the conclusion, that at times a cloud oitms Kma. 
is complex^ consisting of a series of concBThtrlc, ^?^T^^^ 
zones, alternately positive and negative ; the ^^® ^^^ 
being weakest at the edges of the cloud, strxd stro^i^ 

at the centre. 
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Thus in figure 18., which rep- *■»«• is. 

resents a section of such a cloud 
obUquely seen, P P' P", &c., are 
positive zones, N N' N", &c., 7ieg- 
ative, and the number of dashes 
show the increase of intensity. 

339. Electric Action of 
Thunder-clouds. The earth 
may be regarded as a reservoir of 
electricity : when, therefore, an 
electrified cloud floats near its sur- 
face, it induces the opposite elec- 
tricity upon the ground immedi- 
ately beneath it. 

The cloud may approach so near, that the mutual at 
traction of the two electricities overcomes the pressure? 
of the atmosphere ; a union then occurs, and the light- 
ning, at the same moment, is seen darting between the 
cloud and the earth, and soon after the roiling of thun- 
der is heard. 

340. A similar inductive action arises between the 
clouds themselves ; for, if two clouds differently electri- 
fied approach each other, the electricity upon the near- 
est opposite surfaces atigmsnts in intensity^ and often 
increases to such a degree that a discharge takes place, 
the lightning then flashing from cloud to cloud. It may 
sometimes happen, that the path of least resistance will 
not be directly through the air, but from the first cloud 
to the earth, and from the earth to the second cloud, 
and under these circumstances the lightning will take 
the latter route. 

341. Return-stroke. When a highly charged 
thunder-cloud approaches the earth, it induces, as al- 
ready stated, the opposite kind of electricity upon the 
ground below, and repels that of the same kind. Should 

Describe the electric action of thunder-clouds. Digitized by CjOOQ IC 

When does a flash occur 1 ^ 

Whnt \a thA infliipnnn of nnfi r.lniiH iinnn annthprl 



RETtJ'^N-STROKE. 



141 



loud «e extended, and come within striking dis- 
Slev of the earth or of another cloud, a dash at 
, eiuiei followed by a flash at th^ «»;.«r 



iV c\oud ^^ 



This is called the return-stroke^ wiiich sometimea oc- 
curs 



with such violence as to destroy life, even at the 
di.<ance of "ei,eraZ «»iZe^ from the place of the ^r^/rf«^ 
Sa?|e The mode of^ action may be explamed hy 



means 



of the following figure. 



342 Let D B represent a thunder-ciouu, r-^^^ * - 

electrified, and within striking dxstanceox hill,^^: 

the cloud at D, being "«^'- ^^^ ^"™'«J^*-^ ^'siti^e e/^^ 

Bv the inductive action of the cloud, t^e f- gxiOd 

fricif« will be revelUA from the tree, A, ^^u negati^^ 

St C and bot6. will be highly charged ^th "J^^^t 

electricity, just before the flash o<=c"Vf- ^eiecfriM' A^^ 

this happens at B, the Sj««* j'^'^P^^l^J^s the po^i«*^^ 

inductive action upon C suddenly ceases, ^^^sjy 

eZeciricify, which had been ^«P«"^»' ^JJJctricity *^ ^' 
returns, and, uniting ^^^^/^^.^ff^^f ^ pe.sou«Vvo>x\d 

produces an explosion. If, at ^b^^ mn^,^^^ t,\,e hiU, ^^^^ 
unfortunately, be standing upon the top oi 
death might ensue. ^ ^ „.„.:„._.: 1__ ' ^ _ ,. 
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been explained, which happened on the 10th of J«l3r, 
1785, in the vicinity of Coldstream, in Berwickshire. 
After a fine morning, clouds were seen in the north- 
west by the observer Brydone, at about eleven o'clock. 
Between twelve and one o'clock, the storm being still 
distant, lightnings were seen darting from cloud to 
cloud, followed by thunders. Immediately after, Bry- 
done was startled by several loud explosions near his 
house, like the reports of a gun. At this moment two 
carts loaded with coals were passing by. The driver 
and horses of the first were instantly killed, and the coal 
scattered in all directions, while the driver of the second 
wagon, which was about twenty yards behind, neither 

ferceived any lightning nor experienced any shock. 
Jpon examination, the hair on the legs and bellies of 
the horses was found to be singed, and where the wheels 
rested at the time of the explosions, the tire was melted, 
and two round holes were discovered in the ground. A 
quarter of an hour before this event, and at a spot nearly 
a mile and three-quarters distant, a shepherd of the 
name of Bell perceived a lamb suddenly fall, while a 
flame passed before his face. Upon raising the lamb 
he found it to be dead. A woman, who was cutting 
grass upon the bank of the Tweed, felt a violent shock 
upon the soles of her feet, and was thrown to the 
ground. 

During a storm which happened near Manchester, in 
June, 1835, loud discharges were heard at different 
points of a road, like the reports of a pistol, and electric 
flashes distinctly seen ; a person is said to have been 
killed at this time, by an explosion under his right foot. 

344. Height op Thunder-Storms. Though thun- 
der-storms prevail in the lower regions of the atmos- 
phere, they nave often been seen at a very great alti- 
tude. A storm, observed by Kaemtz, amid the moun- 
tains of Switzerland, rose to the height of more than 
10,000 feet, and the dwellers in the vale of Chamounkip 
assured him, that storms frequently swept over th^ 



summit of Mont Blanc. On the peafcg ^f , 
^asj a violent tbunder-storm was encoun/ ^^ f*^^^' 
Qoiidamine and Boguer, at an elevation of fj^^ i^J^ 
feet. Vitrified rocks ha^^e at times been dll^oveied^ 
[ofty heights, and as this change is supposed by some to 
nave been effected by lightning, tbey have sought to 
determine the altitude of thunder-storms from facts of 
^his kind. The reasoning, however, is inconclusive, for ^ * 

these vitrifications may be owing to other causes, and * 
were we even to grant that they are produced by light- 
ning, the case is by no means proved ; since a flash 
sometimes passes between the clouds and the earth, 
when the former are below the point that is gtruck. 

Thus, on the first of May, 1800, a church situated 
on Mount St. Ursula, a lofty peak in Styria, was struck ; 
^nd seven persons were killed by a flash of lightning 
darting upwards from a thunder-storm below. , 

345. From the observations of Peytier and Hossara 
among the Pyrenees, it appears, that the upper ano 
'ower surfaces of thunder-clouds bear no resemblanc^ 
^-o each other, for while the latter are perfectly level, tne 
former are broken and uneven, presenting ttieappearano ^ 
of mountains and ridges ; whence, during seasons of gre» 
heat, lofty peaks and pinnacles of clouds shoot far vip 
into the sky. 

LI&HTNINO. 

346. Orxgin. When a portion of air is subjected to 
a very sudden and powerful compression^ a spark xs 
elicited (Art- 551) : that electricity produces such a com- 
pression can be proved by experiment, and to the enei- 
getic condensation of the atmosphere before tV\e ^^?^^^^ 
fluid, in its rapid progress from point to point, is - 
tributed the vivid flashes that illumine the stoxtny SM- 

S47. Kinds. Lightning has been dividend HH^^ 
into three kinds, principally distinguished \yy ^^y^l^^^^^ 
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viz., zigzag-lightning, sheet-lightning, and ball-light" 
fling. 

M8, Zigzag-Lightning. This kind is so called 
from the peculiarity of its figure, which is thus explain- 
ed. As the electricity passes through the Atmosphere, 
the air is supposed, at length, to be so powerfully com- 
pressed before it, that a great resistance is presented, 
and the electric fluid then finds an easier route in some 
other direction. In this it proceeds, until it once more 
meets with a like opposition, and is compelled again to 
change its course ; and thus it continues glancing from 
side to side, until at last it reaches the place it seeks. 

Zigzag-lightning appears as a narrow, jagged line of 
intensely vivid light, traversing space with extreme 
velocity. On account of the unequal conducting power 
of diflferent portions of the atmosphere, the flash some- 
times divides, branching out in several different direc- 
tions ; the lightning is then said to be forked. A divi- 
sion into three distinct lines is of rare occurrence; but 
even more have been seen, for Kaemtz beheld, at Halle, 
in June, 1834, a flash of lightning which threw out nu- 
merous branches at the sides ; the whole presenting the 
figure of a spine, with its supporting ribs. 

It is said that zigzag-lightnings usually pass between 
the clouds and the earth, seldom flashing from cloud to 
cloud. 

349. Sheet-Lightning. This kind is the most 
com/mon, and appears during a storm as a diffuse glow 
of light, illuminating the edges of the clowds ; and at 
times breaking out from the central mass. When it 
occurs, the clouds are said to open. The flashes of 
sheet-lightning often follow each other in rapid succes- 
sion, for the space of many hours ; their intensity is by 
no means great, and the thunder which attends them is 
low and distant. 

350. Ball-Lightning, Lightning of this class is 

^Vhatarethey7 Digitized by (^OOglC 
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pens, during the serene evenings of summer, that the 
norizon is illumined for many hours with successive 
flashes of lights unattended with thunder. This is called 
heat'liffhtnitig, and has much perplexed meteorologists. 
It is affirmed by some, that this illumination is the 
reflection from the atmosphere of the lightnings of re- 
mote storms ; the storms themselves being so far dis- 
tant, that their thunders cannot be heard. Others assert, 
that during warm, sultry weather, when the air is highly 
rarefied, its pressure upon the clouds is so much dimin- 
ished, that the electric fluid can never accumulate upon 
their surface beyond a certain point, when it escapes 
in noiseless flashes to the earth. 

363. Multiplied observations have proved, that heat- 
lightning generally originates in the first-mentioned 
cause ; but the instances are by no means rare, when 
silent flashes of electric light play between the earth 
and the clouds. These cases occur when the weather 
is sultry, the air being then both rarefied and moist ; 
two conditions which lessen its non-conducting power ; 
the atmosphere thus becomes an imperfect conductor 
between the clouds and the eailh, which are in opposite 
electrical states, and opposes just sufficient resistance to 
the passage of the electric fluid as to render it visible. 

354. Velocity op Lightning. By a very ingenious 

f)iece of apparatus. Prof Wheatstone, of King's Col- 
ege, London, has been enabled to show that the dura- 
don of a flash of lightning is less than the thousandth 
•part of a second, and Arago has demonstrated that it 
dues not exceed the millionth part 

Now the duration of a flash, is the time it occupies in 
traversing the space between two clouds, or between a 
cloud and the earth ; if we then estimate thie distance 
to be equal sometimes to a quarter of a mile, which is 
a low computation, the velocity of lightning, in such 
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On the 20th of April, 1807, at Great Mouton, in Lan- 
cashire, a windmill was struck by ligfitning ; the fluid 
passed along a large iron chain, the links of which 
were so softened, that by their own weight they became 
welded U>gQ\heiX ] and the chain was converted into an 
inflexible bar of iron. 

In Sept. 1845, a house at New Haven, Ct., was struck 
during a thunder-storm. Several articles of steel were 
rendered magnetic, and a razor, lying in a case near the 
spot where the lightning entered, was found capable of 
sustaining a key, weighing half an ounce. 

358. Fulgurites. When a flash of lightning falls 
upon sand, its path below the surface is often marked 
by ^fxdgurite, so called from the Latin word fidgur, 
lightning. It is a tube composed of sand, vitrified by the 
action of the lightning'. Fulgurites were first discov- 
ered in Silesia, in 1711, and specimens were forwarded 
to the museum at Dresden, where they are still preserved : 
they have since been found in great numbers, in 
Germany, England, and amid the sands of Bahia, in 
Brazil. 

The fulgurite is winding in its form, often throws out 
lateral spurs or branches, and contracts in size towards 
the lower extremity, which usually terminates at a spring 
of water, or in some substance that is a good conductor 
of electricity. 

359. These tubes are generally hollow, the interior 
surface being coated with a brilliant glass. Their di- 
ameters vary ivomfour-hundredths of an inch, to three 
inches and a half and the thickness of their sides from 
one-fiftieth of an inch, to nearly an inch. 

The branches of the fulgurite, differ in length from 
three quarters of an inch to Sifoot, but the main tube 
often extends to the depth of many yards. Several of 
considerable length, which had been taken from the 
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whirlwinds, an abundant condensation of vapor suddenly 
occurs, which frequently develops such an amount of 
electricity, that the lightning here displays itself in all 
its fearful energy. 

363. Thunder. In consequence of the lightning 
passing through the atmosphere with an amazing ve- 
locity, it leaves a void space behind it, into which the 
surrounding air instantly rushes, with a loud report. 
This noise is thunder. 

When the lightning is near the observer, the report is 
sharp and quick^ but when at a distance, it is Itmg and 
rolling. 

364. The rolling of thunder is frequently occasioned 
by the reverberations of the sound, from clouds and 
adjacent mountains ; but this is by no means always the 
case. When the lightning-flash darts to a great dis- 
tance, such is its velocity, that the thunder may be 
considered as occurring at every point ofthefiash at the 
same time. But sound has a progressive motion of 1142 
feet per second, and all the thunder will not reach the 
ear at the sams instant. It will be first heard from the 
nearest point, in the path of the flash, and later and later 
from points more remote ; and the combined effect will 
be a continued peal. 

The zigzag form of the flash, and its division into 
several streams, is regarded by Herschel as affording an 
adequate explanation for all the changes that occur in 
the sound of the thunder-peal. 

365. The tims that elapses between the lightning and ' 
the thunder, enables us to form an estimate of the dis- 
tance of the former, which is a little more than a mile 
for every five seconds. This interval usually varies 
from three to sixteen seconds ; but cases have occurred, 
where it has amounted to fifty, and even seventy-two 
seconds, 

366. Identity of Lightnu^g and Electricity. 
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tions of electricity appeared upon the string ; when, just 
as Franklin began to despair of success, he beheld the 
loose iSbres of the cord starting asunder^ and immedi- 
ately presenting his knuckle to the key he received an 
electric spark. The rain now descending, increased the 
conducting power of the string, and vivid electric sparks 
issued from the key in great abundance. By means of 
the lightning thus obtained, all the common electrical 
experiments were performed, and the identity of light- 
ning and electricity thus indubit^My proved. 

370. Romas' Experiment. No sooner was this 
wonderful discovery made knowu, than men of science 
were eager to repeat the experiment. 

With a kite eleven feet hi^h and three feet wide, 
Romas obtained in France the most brilliant and aston- 
ishing results. In one instance, when the kite was 
raised during a storm, such an accumulation of electrici- 
ty occurred, that streams of electric fire nine or ten feet 
long, and an inch in thickness, flashed spontaneously 
from the string, with reports, like those of a pistol. 
Thirty streams of this magnitude burst forth in the 
space of an hour, without counting a multitude of others, 
seven feet in length. 

371. Richman's Death. That such experiments 
are, however, attended with great danger, unless every 
precaution is strictly observed, is proved by the unfor- 
tunate death of Prof. Richman, of St. Petersburg, who 
was killed by Ijghtning, on the 6th of August, 1763. He 
had erected, upon the top of his house, an iron rod from 
which proceeded a chain that entered his study. The 
wholl apparatus was entirely insulated. On the day in 
question while examining the electrometer, as a thun- 
der-storm was approaching, a large globe of blue fire 
flashed from the conductor to his head, instantly depriv- 
ing him of life. 
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leaden pipes and troughs, are connected with the build- 
ing, it is best to attach them to the rod by strips of 
metal ; for, unless this is done, lightning may pass from 
the rod to the metal, and enter the edifice, especially if 
the rod is in any way defective. By adopting the above 
precaution, the metallic masses are made a part of the 
conductor, and if the lightning strikes them, it is con- j 

veyed through the rod to the earth. ■ 

378. The lower end of the rod should be divided into 
two or three branches, so bent as to pass away from 
the building; and it is highly essential that these 
branches should extend so far below the surface of the 
ground, as to reach either water or a permanently moist 
stratum of earth. The rod should be surrounded with 
powdered charcoal, which at once preserves the iron 
from rust, and facilitates the passage of electricity be- 
tween the metal and the earth, in consequence of its 
conducting power. For the same reason, the conductor 
should be painted with black paint, made of charcoal. 

379. ExTBNT OP Protection. According to the in- 
vestigations of M. Charles, the lightning-rod protects the 
space around it to a distance equal to twice its height. 
Thus, if the conductor extends ten feet above the sum- 
mit of a house, it affords protection to a circular space 
forty feet in diameter ; the rod being in the centre. 

The experience of nearly one hundred years has 
shown that, where the above rules and precautions are 
observed, an effectual security has been provided against 
the effects of lightning; so far as human means can 
avail to disarm the elements. 

380. It is an error to suppose that conductors attract 
the lightning towards the building upon which they are 
erected. They simply direct the course^ and facilitate 
the passage of the electricity between the clouds and 
the earth, when a discharge must inevitably occur, 
where the building is situated. 

— ■ ::) i g i [ i zed by CjQ OQLC 

How great a space is protected by a lightning-rod 1 



156 ELECTRICAL PHENOMENA. 



SPONTANEOUS ELECTKIGITT. 



382. St. Elmo's Fire. When in a darkened room 
a needle is brought near to the charged conductor of an 
electrical machine, the point is tipped with a vivid light, 
caused by the flow of electricity from the conductor to 
the needle. In the same manner when thunder-clouds 
approach very near the earth, lightning does not always 
occur; but the electricity becomes so intense, that it 
escapes from one to the other by points upon the surface 
of the earth, which then glow with a brilliant Jlame, 
This phenomenon has received the appellation of St. 
Elmo's fire. It was known to the ancients by the name 
of Castor and Pollux, and many instances have been re- 
corded by classic writers. On the night before the bat- 
tle that Posthumius gained over the Sabines, the Roman 
javelins emitted a light like torches ; and Caesar relates 
that during the African war, in the month of February, 
there suddenly *arose, about the second watch of the 
night, a dreadful storm that threw the Roman army 
into great confusion, at which time the points of the 
darts of the fifth legion appeared to be on^re. 

383. The fire of St. Elmo is often finely displayed 
upon the masts of vessels. An extraordiuaiy instance, 
which happened in 1696, is thus related by Count For- 
bin : "In the night it became extremely dark, and thun- 
dered and lightened fearfully. We saw upon different 
parts of the ship about thirty St. Elmo's fires ; among 
the rest was one upon the top of the vane of the main- 
mast, about eighteen inches long. I ordered one of the 
sailors to take the vane down, but he had scarcely re- 
moved it when the fire again appeared upon the top of 
the mast, where it remained for a long time, and then 
gradually vanished." When Lord Napier was on the 
Mediterranean, in June, 1818, he observed, during a 
dark and stormy night, a blaze of pale light upon the 

* mainmast of his vessel. It appeared near the sun^mit, , 
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and well attested instances have occuiTed, in whicn 
rain, hail, and snow, have displayed flashes of elec- 
tric light, but we will Confine ourselves to a few. On ' 
the 22d of Sept. 1773, in a thunder-storm which fell 
upon Skara, in Sweden, the drops of rain were seen to 
strike fire and sparkle as they touched the ground. 

On the 28th of Oct. 1772, as the Abbe Bertholon was 
traveling between Brignai and Lyons, in the midst of a 
heavy storm, he was surprised at seeing the rain-drops 
and hailstones ermXXmgjets of light, as they fell upon 
the metallic parts of his horse's trappings. 

It is also recorded, that the miners of Preyburg, on 
the 25th of January, 1822, beheld the sleet which fell 
during a storm ^o^A with light as it struck the earth. 

386. It is not difficult to explain these phenomena ; 
we have only to suppose, that the electric intensity of 
the atmosphere and the earth is at these times very 
great, and that the electricity of the falling bodies is the 
opposite in kind to that of the ground and of the objects 
upon it. At the moment of contact the two kinds of 
electricities combine, their union (as is always the case 
when their intensity is great) being indicated by a sud- 
den flash. 

387. Electric Action upon Telegraphic Wires. 
It is not unusual for the electricity of the atmosphere 
to exert an extraordinary influence upon the wires of 
the electrical telegraph. According to Prof. Henry, 
this influence may arise, as follows, in several different 
ways. 

388. First. The wire may be struck by a direct dis- 
charge of lightning from the clouds. An instance of 
this kind occurred on the 20th of May, 1846, when th© 
lightning struck the wire of the telegraph, at the place 
where it crosses the Hackensack river. From the point 
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tinue, as it gradually approaches the line, to drive to 
the remote extiemities of the wire, tnore and more of 
the positive electricity residing in it, and thus occasion a 
current. As the cloud gradually recedes, the repulsion 
it exerts is diminished, and a current then arises in the 
opposite direction, 

392. Fourthly. Every flash of lightning which oc- 
curs within many miles of the line, produces powerful 
electrical currents in the telegraphic wires* 

To this influence Prof. Henry attributes the phenom- 
ena witnessed by himself, on the 19th of June, 1846, in 
the telegraph office, at Philadelphia, and which he thus 
describes. ^ " In the midst of the hurry of the transmis- 
sion of the congressional intelligence from Washington 
to Philadelphia, and thence to New York, the apparatus 
began to work irregularly. The operator at each end 
of the line announced at the same time a storm at 
Washington, and another at Jersey City. The portion 
of the telegraphic wire which entered the building, and 
was connected with one pole of the galvanic battery, 
happened to pass within the distance of less than an 
inch of the wne, which served to form the connection 
©f the other pole with the earth. Across this space, at 
intervals of every few m,inuteSj a series of sparks m rapid 
succession was observed to pass ; and when one of the 
storms arrived so near Philadelphia that the lightning 
could be seen, each series of sparks was found to be 
simultaneous with a flash in the heavens. Now we 
cannot suppose, for a moment, that the wire was actu- 
ally struck at the time each flash took place, and indeed 
it was observed that the sparks were produced, when 
the cloud Bind flash were at the distance of severed miles 
to the east of the line of the wire. The inevitable 
conclusion is, that all the exhibition of electrical phe- 
nomena witnessed during the afternoon, was purely the 
eflect of induction, or the mere disturbance of the natu- 
ral electricity of the wire at a distance, without any i 
transfer of the fluid from the cloud to the apparatus, ^o 
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OPTICAL PHENOMENA. 



CHAPTER I. 

OF THE COLOR OF THE ATMOSPHERE AND CLOUDS. 

394. Color op the Atmosphere. This is caused 
by the decomposition of the solar light. It is well 
known, from the experiment of the prism (C. 788), that 
the white light of the sun consists of seven colors ; and, 
that of all these, the violet and blue rays have the least 
power to overcome any resistance they meet with ; and 
consequently deviate most from their original course in 
passing through the prism. 

395. The action of the atmosphere upon the sun- 
beams in their passage to the earth, is precisely similar 
to that of a prism. 

After entering the atmosphere they are constantly 
passing in their onward progress, from rarer into den- 
ser media, and are therefore decomposed. A portion 
of the blue rays, unable to overcome the resistance of 
the air are scattered throughout its extent ; and being 
reflected from its particles, tinge the sky with an azure 
hue ; for it is to be remarked, that a body appears of 
the sam£ color as the light it reflects and by which it is 
seen, 

396. Cyanometer. In order to determine the inten- 
sity of the blue, a cyanometer is employed, an instrii- 
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inent wV^ich derives its name from the Greek words, 
ELfazare, and metron, measure. That of Saussure 
is made in the following manner : 

A chcilav card is divided into#^y-one parts, and each 

is painted of a different shade of blue mcreasmg from 

,thc%alest?int, formed by a union "^ "ue a"d whUe^^^^^ 

the deepest produced by a mixtur^ of blue and blacfc 

The colored card being ^eW m the hand the obsever 

marks the particular ti^^ <^°".««Pf'*'"l'f„'jL' shade, 
the sky, and its number, countmg from the palest shaae, 

denotes the intensity of the azure. 

397. Effect op Latitude. The J^»fJ^^^ 
skt^ decreases with the latitude, Humboldt ^^^^^^^^e 
that at corresponding heights above the horizon,^ ^ ^^^ 
in 19° N. Lat. was two shades below that in io ^^erUi/- 
The intensity also at Cumana, 10° N. Lat, i f^^jixteen- 
four, while the average tint for Europe is only A ^^ tb© 

398. This diminution in briUiancy is ?a^^^^VdVty y\ 
less perfect absorption of the atmospheric n^^^aio^}®-^ 
the temperate and arctic regions, than in the .^^y^^^^^^T^ 
climes — a circumstance arising from their ^^^^ \tx ^ 
low mean temperature, and consequent decre^ 

capacity of the an* for moisture. i«^*-^T^\,\v^ 

399. In the same place, the color increases ^,^-^1 ^^ ^ -^tv 
ness from the horizon to the zenith — the p^ ^ ^°^^\aA^ 
heavens directly over-head. Baron Humbol^^V lS^\^ oi 
16"^ N. Lat., that his cyanometer indicated ^^^^-^M^^^o 
at the horizon, but at an altitude of 60°, or ^^^ J. ^^% bei^S 
the distance to the zenith, the 22d tint. The »-^ ^\ P^ gj^t» 

, sky is palest at the horizon, in consequent ^^^-^ ^ 
mixed wdth and diluted by the thin vapors 5ja.V®^^ 

which settle down towards the earth. X:^'^ 'vcVJ^^" 

Within the torrid zone, the sky undimmeA^^^ ^^\vig^^ 
glows with the purest azure ; and, under ^}^^^^:^ ^^ 



stances, in. regions beyond the tropics, the ^^' 
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skies are seen. Over Italy, California, and the Cabary. 
Isles, hangs a canopy of the deepest blue, and even on 
the western coast of Spitzbergen, the rich azure of the 
heavens has equaled at times the splendid hue of the 
tropic skies. 

400. Effect of Altitude. In ascending from the i 
plains to the mountains, the vapors are left below, the 
purity of the atmosphere increases, and the pale tint of 
the sky changes to a vivid blue. This fact, long known 
to the chamois hunters of Switzerland, was verified by 
the observations of Saussure upon the Alps, and those 
of Humboldt on the Cordilleras. 

401. Capt. Mundy thus speaks of the color and pure- 
ness of the air at Simla, which is the most northern 
European settlement in India, and possesses an altitude 
of 7,800 feet. " To the north of Simla, the mountains 
rise gradually one above another, until the panorama is 
majestically terminated by the snowy crescent of the 
great Himalaya belt, fading, on either hand, into indis- 
tinct distance. In fine weather, these stupendous icy 
peaks cut the dark blue sky with such sharp distinct- 
ness of outline, that their real distance of sixty or seven- 
ty miles is, to the eye of the gazer, diminished to one- 
tenth 'partP 

402. Brantz Mayer, in his interesting work ^ upon 
Mexico, thus alludes to the same facts. 

" The moonlight of Mexico is marvelously beautiful. 
That city is 7,500 feet above the level of the sea. The 
light comes pure and pellucid from heaven. You seem 
able to touch the stars, so brilliantly near do they stan^ 
out, relieved against the back-ground of an intensely 
blue sky. Strolling on such a night in Mexico, I saw *'^^ 
sharp lines of tower and temple come boldly out -v^itn- 
shape and even color almost as bright as, yet softer tb^^^ 
at noon-day." 

403. At Mussoori, a village situated upon the fi^^^^\ 
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^^ge^ of tVie Himalayas, 7,600 feet above the sea 
^^ttiaikaUy <^^^^^ ^® ^^^ ^^^' ^ ^^^ 'JJ^nth of Novem] 
^«^o\d\ng to Lieut. Bacon, that the white houses 
^oozaffirnugg"*') ^ distance of eighty^two miles, hi 
been distinctly seen with the aid of a spy-gJass. 

404. When, however, very lofty elevations are i 
Gained, the heavens assume a blackish hue; for a gre 
portion of the atmosphere is then beneath the observ 
and but little blue light is reflected from thecompai 
lively small number of particles composmg the auen 
ated air above. The celestial orbs there s^"® J^'"' 
singular brilliancy, since their light reaches tiie ey 
fore its lustre has been dimmed, in consequence f 
ing through the dense strata of the atmospneie 
surface of the earth. , sources 

405. Captain Hodgson remarked, near tn ^^^^ j 
the Gaiiges, that the tint of the sky was a ^ ^^ ^ 
approaching to blackness ; and that th© beb^. 
rising emerged with a sudden flash f^^l^cb^^, ^' 
snowy peaks of the Himalayas. At ^2. ^ens ^V] 
thousand feet above the sea level, the ^'^k^\)S> ^" 
of a dark black color, the sun shining "^-^otv, ^^ 
haze. At night,, that part of the b^^*^e\y ^^ 
moon w^as expected to rise, could so^^ \3eioVf 
guished by the irradiation of her beati^ ^>6 vf ^ 
touched it, and the stars and planets ^^ -w^te^ ^^ 
zlingr Jig-ht. si^^^^^orb^'^.^ 

m. Colors op Clouds. These ^^^ ^^ ^t t^e^^^. 
the power which the atmosphere posse^^ ^pa^e x^^^^csr 
light (C. 802), in common with other tr^J^^ f""]. oo^%X 
When a sun-beam falls upon the oceao, ^l^^^^^t \a^^.' ^ft, 
gible rays are successively absorbed ^^ -^ ^^ '•'^^'. perC'^^^-,^c> 
ues to pierce the translucent water; ^^^trB^^^^^^xof^^ 
beneath the surface, nothing but red *^^m 4^ ^^ 
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have been engaged in submarine researches. The ac- 
tion of the atmosphere is precisely the same. 

In the morning and evening, the sun-light traverses 
the densest portions of the air, and passes through a' 
onger track than at any other time. So much thicker 
and more dense is the stratum of air upon the horizon 
than the stratum over-head, that the sun-light is dimin- 
ished 1300 times in traversing the former; and of 
10,000 rays faUing towards the surface of the earth, 
8,123 arrive at a given point if they pass perpendicu- 
larly through the air, but only five if they come through 
a horizontal stratum. From these causes, the more re- 
frangible rays, and especially the violet and blue, are un- 
able to struggle through and are absorbed ; while the 
rest emerge^ and being reflected from the light masses 
of vapor floating in the sky, clothe them with their own 
bright hues. 

407. The three most powerful rays of the solar spec- 
trum are red, orange^ and yellow ; and these colors are 
the common tints assumed by clouds. At times, how- 
ever, they glow with the richest variety of hues, partic- 
ularly beneath the tropic skies. In those regions, green^ 
violet ^ndpurple clouds are not of unfraquent occurrence. 

Bishop Heber, on his passage to India, beheld, one 
evening at sunset, when near the equator, large tracts 
of cloud of a pale, translucent green, surpassing in 
beauty every effect of paint, glass, or gem. 

The sunsets of California are among the most beauti- 
ful in the world, and the clouds that rise from the Pacific 
are bathed in exquisite tints of green, purple, and violet. 

408. Clouds, possessing these singular colors, are 
rarely seen in the higher latitudes ; they are however 
not entirely unknown. Violet clouds have been wit- 
nessed at Avignon, in Prance, and also in a most gorge- 
ous sunset that occurred at Hartford, Ct., on the 3d of Ju- 
ly, 1844, and which presented the following phenomena. 

409. The day had been showery, but towards its 
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close ttie dense canopy of clouds was broken up, and- ^ :, 

thTin^ fiUed'Vith light and flo^^^^ , 

of vapor Soon after sunset, the stiatum of clouds , 

which rested upon the western horizon, rose throughout j 

its whole length, revealing between the mountains and 4 

its lower edge a belt of sky of the purest azure. Above 

this, the whole field of vapor was g earning with a rich l 

amber light, which, as it streamed through rarer <^ ^ 

denser portions of the mass, presented every phase ot ^ 

brilliancy and depth ; at the same time displaying^ tne ^ 

curiously wrought structure of the airy fabric. >^ ^?" :\ 

the rays of the sun fell upon the fragments of va^ ^ 

floating in the eastern quarter of the heavens, their j ,j 

ting- heads and broken edges gleamed with a flame-i ^^ 

hue ; while, between the masses, the sky ^PP®^^^.^\ons 

the deepest indigo. As the evening advanced, p ^^^.^^ 

of the western stratunn assumed the tints of ^^^^j^^out 

pinky green, purple, violet, orange and crimson- ^^^^^ a 

eight o'clock, the vapor in the south-west pi*^® geetoc^ 

singularly beautiful appearance ; the heaven^ r pris- 

as if covered with a delicate lace-work woven^ ^ greei^J 

yna^ecray^r, and this phenomenon was succeeded ^y Y\^e o*^ 

purple, and violet clouds in the west. The }^^ ^^^iff^^' 

this brilliant pageant was an intensely vivid^ 

which was gradually lost in the shades of nigl^ ^ ot ^^' 

410. At the same city, in May, 1845, a clo^ ^,vtA>^^^J 
common beauty was seen by the writer ^'^^^"t^^S ^. 
marble paper^ the intermingling colors cor»^ V^.^t/eU^ * 
bronze, oratzg-e^ a. vivid grass green, 3,ndn.gol^^ ^^*^^^ieA 

411. Grreert clouds occur, when the vapor i^ ;^eA®^^^0 
ated at the same time by the deep blue lig^^^-« X ^^^/ijlui^ 
from a distant quarter of the sky, and the y^^ ^^^ ov ^^^^t 
of the sun ; g^reen being pmduced by the uai^^ ^r^^ ^ re^ 
and 1/ellota. In the same mannet*. purple ^^ -g,lt3^ ^e> 
clouds appear, when they glow at' once ^^^Jp^ jO'^^^tU^'^ 
rat/s of the sun and the azure tint reflecte*^ -0:^^^ ^^ 
heavens ; since purple and violet arise fronci ^^ , 
of red and blue in due proportions. Digitized by V^j 
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CHAPTER 11. 

OF THE RAINBOW. 

412. The rainbow is that beautifully colored arch 
lohich, at times^ is seen during a shower and in the re- 
gion of the sky opposite to that where the sun is shin- 
ing. 

413. When perfect, the rainbow consists of two arches, 
the inner, called the primary bow, and the outer the 
secondary, each composed of seven colored bows, formed 
of the prismatic lines, viz., violet, indigo, blue, green, 
yellow, orange, and red. In the primary bow the red 
ring occupies the highest place, tile orange comes next, 
and so on, the violet assuming the lowest position : but 
in the secondary the order of colors is reversed. 

414. The cause of the rainbow, with the exception of 
its colors, was first unfolded by Descartes ; but the dis- 
covery by Newton, of the different refrangibility of the 
sun's rays, enabled this great philosopher to explain, 
with the utmost completeness, all the laws of this brill- 
iant phenomenon. 

415. In order to understand the theory of the rain- 
bow, we must have recourse to diagrams. 

Imagine, in the first place, that ^'* ^* 

P d L, figure 20., is a section of 
a globe of water, and that S P 
is a ray of light, which, passing 
through the hole of a window- 
shutter in a darkened room, falls 
upon the surface of the globe at 

P. Here a portion of the light is 

reflected, and the rest, entering Action op a globe op wAWft. 
the globe is refracted (C. 702) and decomposed into the 
seven primary colors ; one of which, the red ray, we will 
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striL.^^T ?<'"^!<^«'"- This ray, traversioff ^ 

na.r?.f •^^^.."'^^"T ^"""^^^^ «f the globe at Q . ® .^^ter, 

the air "\^!f'\\" *°'' by ^m.«^^^%;j, and es^^'^'^^i^ ^ 

here h' '?'i^ ^' remainder is re/fec/erf to tK^-^' ^^''^ 

'•S•ra^lff^^!' ""'' ^"'■^ 8ubdi^;ided, one portff f -^ ' 
^tf^ acted to the eve simafAH I'n ^u^ J; P^'tion heino- 

"■^-therreJlectedZTZjo^e '^' '''«*='^«° L M, and 

'^e globe, and obserWn- 1 kf wf,. T ^' *^* P°'°' ^ "^ 
416^ Th' ^''^ ««d water '''''* ''^^ '^"''^^ «f the ray 

«re "«limite?innrblr anr'?'''^'*'"^ ""'J '•«fl«<^ti«- 

'«?Pacr, the intensTrnf Jhi ' '"''^ ^'S^t is lost at each 

^^" become so Z/h di,5f T'/^^' a few reflections, 

g-ence from the%7r ,-? """"'^^'J. that, upon its emer- 

"Poo the eye ^'°*'«' '* ^«^««« to make any impression 

befo.eJf^;d«^ to W remarks to the subject 



siffht any ^^.'ense to produce nr.®^'® that the -■-*^^ ibe 

■ "^h *tt lespect to »^»-^ 

Apply the iUustration^Tl !^ " ~~" ^m^^db^ 

^n the case sunr.^^ ^ *^® ""^J^ct. 
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ray, when the angle S B M, figure 21., made by pro- 
longing the lines of the incident and emergent rays S P 
and M d till they meet at B, and called the angle of 
demotion, is equal to 42° 2'. * 

This angle of greatest intensity varies however for each 
prismatic color, being 40° 17' in the case of the violet^ 
and increasing, for each hue, from the violet to the red. 

419. Primary 
Bow. If we consi- 
der PaLD,figure 
21., to be a section 
of a rain-drop; of 
all the rays that fall 
upon it from any 
one 'point in the sun, 
some, as S P, will so 
strike it, as to meet 
the eye of the observ- 
er (supposed to be at 
M) with the ^rea^e^^ 



SECTION OF A RAIN-DROP. 

One Ejection— two Refractions. 



* An angle is the opening between two straight lines that meet each other. 

Thus the opening between the straight 
lines, A B and C B, which meet at B, is 
called the angle B, or the angle ABC; 
the letter at the point of meeting always 
being placed in the middle. The size of 
an angle is computed as follows. The 
circumference of any circle being divided 
into 360 equal parts, each part is called a 
degree; a degree being divided into 60 
equal parts, each part is called a minute ; 
and 9 minute being divided into 60 equal 
parts, each part is called a second. If 

now we take B as the centre of a circle, . ^ r*n 
and describe the circumference, G E P, cutting the two lines, A B and C B, 
in any two points, as E and F, the number of degrees, minutes and seconds 
contained in the part of the circumference, E F, included between the two 
lines, A B and C B, gives the value of the anffle, ABC. For example, if the 
length of the circumference, G E F, was so great that it measured 360 inches^ 
and the part, E F, contained 40 inches hndTtine-sixtieths of an inch, ABC 
would be Single of forty degrees and nine minutes (40° 9'). Degrees are desig- 
nated by the following character, ^ : minutes thti, ' ; and seconds thus, . . 
^ O i g i t i zod by VjQQQL - g 
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•i, , ■n..«r«: makinar the angle S BM equal to 

Sawn itueT to S B it may be regarded as a ray of 
orawn paiallci ' ^ y the spectator ; and 

the S"np««*'«^';'7f J' aiTparalleU^ other at 

B M ; and not only from this drop, but ^l^o f.om everj 
other drop, whose angular distance from the hue M 
is, at that moment, the same. M R to 

It is therefore evident, if we suppose the line m d 
turn about M O, like the legs of a pair of comp.asse^, tn.^_ 
a^l the points at which red light is seen lie in tne ^^^ 
cumference of a circle whose centre ts U; «^ ^ i» 
around this centre an arch of red light wUl app 
the heavens. i »o tVve 

421. The breadth of this arch will be equal ^^^^ 



:^ 



apparent diameter of the sun, or about 32 ; *^*^y on^ 
has been said in regard to rays proceeding frotti ^\x ^^^ 
point in the sun, viz., that some of them will r^ e^ctf^^}^^ 
eye under the angle of greatest brilliancy, is ^^d^^H* 
true of those which emanate from every point o^ Jj^ ^uvc^^^ 

422. The explanation of the origin of the i*^^ "v^® 

equally applicable to the rest of the colored aich^^ ^, -^ v)«i 
latter will be found, however, fee/ow? the ^onr^^ ^^\S^^^ 
since their angles of greatest brilliancy are each *^^^^r^aU^ \ 
that of the red, they must consist of portions of -^ 
concentric circles. ^^r^^ ^^ t\S 

Thus, the violet arch can only be seen from ^^^^^^^^^^"^ ^ 
and within B, Avhen the light that meets the ey^ ^^-^ ^^Vvet 
in the direction B* M, makes the angle B* iVt -^T^ ^ l\^® 
to 40° 17'. Between the violet and red arches ^^^ ^^^ ^i- 
colored bows Avill be seen arranged in the ord^^ j^^,^^ V 
spectrum ; ttie w^hole forming, by their union? 
mary beta. a^«.,=rnr"t'^r>C^>^P 
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423. Secondary Bow. The secondary bow is form' 
ed when the sun's rays, entering the bottom of the drop, 
suffer two reflections from the interior surface, and 
emerging at the top, reach the eye of the spectator stfter 
two refractions. 

The course of the ray is Fig. 22. 

seen in figure 22., where S 
E A is the incident ray, 
B and C the two points of 
reflection^ and D E H the 
emergent ray, supposed to 
meet the eye of the ob- 
server at H. 

424. So much light is 
lost by these successive 
changes in direction, that 
only at certain inclinations bbction op a raindrop. 

a sufficient quantity reaches ^«» ReJUetiona—two Refractions, 

the eye, from each of the prismatic colors, to produce 
the secondary bow. Its tints, after all, are faint com- 
pared with those of the primaiy. 

425. The violet light can only, be seen when the 
angle of deviation S E H is 54° 9', and the red when it 
is 50° 59'. Suppose, as in the case of the primary 
bow, that H L is the direction of a ray from the sua 
passing through the eye of the observer, and making 
with H E the angle L H E equal to the angle of devia- 
tion. If then, the line H E revolves about H L, the 
spectator, with his back to the sun and his eye at H, 
will behold in the heavens, between the limits of 64° 
9' and 50° 59' a prismatic bow consisting of similar por- 
tions of seven concentric circles ; the violet arch assum- 
ing the highest position and the red the lowest. The 
other colors occup}^ intermediate places; the greater 
their refrangibility the greater their elevation. 

Under what circumstances does the secondary bow occur 1 

Trace the course of the ray in figure 22. db CjOOQ IC 

What is said of the brilliancy of the secondary bow f '^' '^^ ^ O 
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' 426. The subject is ^^«-^- 

further illustrated by^ 
the following figure, 
where the four parallel 
lines represent rays of 
the sun falling upon 
four drops of water, and 
O P the direction of an- 
other ray imagined to 
pass through the eye of 
the spectator, R O and 
V O are the rerf and vto- 
let rays of the primary 
bow; R' O and V O 
the red and violet rays 
of the secondary ; and 
the positions of the red 
and violet arches of th© bawbow. 

two bows are indicated ' ^Vies ^^c 



iwu uows are maicatea z-Vies <^'' . 

by the dotted lines. The other colored ai^^^^.^et ^^ 
found between the red and violet, following ^"^^^e> 
colors in the prismatic spectrum. P is the ctrx^ 



rainbow. ^k.so^ . 

427. In the explanation just given, we have ^^^m^i^^^^^ 
as if the rain-drops were stationary, which of ^^4^ ^%\^ 
not the case ; but this supposition leads to '^jj^-jc^g 



insismuch as the air is filled with rain-drops ^*^*i v^=^V^Wd 
prevalence of a shower, and before one set of ^_ ^^ co ^^^ 
sinking too low, ceases to present to the eye ^■^^:»r P^^ is 



of the bow, another set has descended, taken th^ ^"^'^^^ ^^ 
and is performing their office. While the o^^ ^f::^"*^^ -jjaj 
stationary the rainbow is fixed in position^ ^-^'^^^^ 
drops that give rise to its glowing tints are cof^ 

chanffinff. ^ ^^ *.a^*^^ 

. ^:i^^VtUe 

428. Breadth OF THE Bows. Theangul^"-- ^^ t£i^ 

from the middle of the red arch to the niidd-»' ^^^^.'^(^ , _ 

violet in the inner bow, is the difference bet^^?*^ 
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g' and 40° 17' or 1° 45'; a quantity nearly equal to 
three and a half times the apparent breadth of the sun. 
This space is occupied by the remaining five colored 
arches, and, as each is 32' in width, (Art. 421,) they ne- 
cessarily overlap one another, and cause, by their mutual 
blending, an indistinctness in the boundary of the several 
hues. The two half-breadths of the red and violet 
arches added to 1° 45' give the whole width of the bow, 
which is equal to 2^ 17', or about four and a half times 
the apparent diameter of the sun, 

429. The breadth of the exterior bow, from the mid- 
dle of the red to that of the violet, is found in like man- 
ner to be 3° 10'— the difference between 54° 9' and 50° 
69'. To this quantity 32' must be added to obtain the 
entire breadth. 

The interval between the bows, computing from the 
red of the primary to that of the secondary, is 8° 57'. 
All these results, deduced theoretically, precisely agree 
with those obtained by a^ctual mea^surement, 

430. Position and Size op the Rainbow. Since 
the centre of the rainbow is in the direction of the line 
Imagined to be drawn from the sun through the eye of 
the spectator, its position will evidently vary with that 
of the spectator, and its size with the altitude of the sun. 
If this luminary is 42° 2' above the horizon, the top of 
the inner bow will he just visible ; but if upon the hori- 
zon, the bow will be a semicircle, having an elevation 
of 42° 2'. If the observer, in the latter case, were upon 
the summit of a mountain, the arch would be somewhat 
greater than a semicircle ; since the line of direction 
from the sun through his eye, would strike the sky 
opposite, at a point above the horizon. 

Should a person happen to be upon a mountain, 
when the sun is high in the heavens, and a shower at 
the same time occur in the vale below, he will some- 
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' Such are said by Ulloa to be frequently seen on the 
mountains of P®^*^ above (iuito. 

The foaming waters of cataracts are ouen spanned 
by richly tinted bows, caused by ^]? Vf "A?'^^' ^^t^ 
are legulavly seen at the falls of Schaffhausen, on the 
Rhine, and at the cataract of Niagara. At Term m 
Italy, Where the river Velino rushes over a precipice 200 
feet high, a bow of rare beauty is beheld. It appears, to 
a spectator below, arching the falls with Us glowing 
tints, while two other bows are reflected on the rtgnt 
and left, 

431. Rainbows in the North. Rainbows _aiy 
sometimes seen at mid-day. On the 13th ot Dec. ' 

at one o'clock, P. M-, Prof. Olmstead beheld at ^^^^^ 
College an entire boNV in the north. During tne ^^^ 
week, the writer observed at Hartford a sn^^*^?^^^^tu- 
at nearly the same hour of the day. Such ^ P \)ov^i 
anon can never arise, in the case of the PP'^^^^w \q^^ 
unless the sun's altitude at the time is considers 
than 42°, which only happens in the winter. 

432. Extraordi- 
nary Bows. When 
the light of the sun is 
reflected from the sur- 
face of tranquil wa- 
ter, rainbows of sin- 
gular form are at 
times observed. On 
the 6th of August, 
1698, Dr. Halley be- 
held, while walking 




l>o^ °^ 



SZTRAORDINAaT BO"^' 

on the walls of Chester, by the river Dee, a Y^- ^^ »% ^e 
the form represented in figure 24., where A ^^^ ^13*^ ^ G- 
primary bow, ID E F the secondary, and A ^^^^^ ^^ 
extraordinary bow, cutting the secondary at ^L:m^^^' 
Its colors were arranged like those of the prirf*-^^ ^ 

Give the instances of rainbows over cataracts. 
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433. The sun was shining clearly upon the cahn sur- 
face of the river, and Dr. Halley discovered that the 
extraordinary bow was nothing more than the rest of 
the circle of which the primary was apart, bent upwards 
by reflection from the water. 

A similar raiabow, formed by reflection from the river 
Eure, was beheld at Chartres, in 1665 ; when a faint 
arch was seen crossing the primary at its summit. 

434. Supernumerary Bows. Arches of prismatic 
colors are sometimes seen, both within the primary^ and 
without the secondary bows, to which the name of 
supernumerary or supplementary bows is given. 

435. On the 5th of July, 1828, Dr. Brewster saw three 
supernumerary bows within the primary, each composed 
of green and red arches. Outside of the secondary a 
red arch was clearly seen, and beyond this a faint green 
one. 

At Montreal, in September, 1823, three supplementary 
bows were noticed by Prof Twining, within the prima- 
ry ; exhibiting however, only a single color, whicn was 
violet or rather a dull red. 

At Hartford, Ct., on the 5th of August, 1847, at sun- 
set, two supernumerary bows were seen by the writer, 
within the primary, extending throughout the whole 
semicircle. The first, in contact with the primary, con- 
sisted of green and red arches, and the second of a sin- 
gle band of pale red light. 

The most remarkable phenomenon of this kind, was 
that observed by the Rev. Mr. Fisher, in Dumfrieshire, 
and related by Dr. Brewster, at a meeting of the Brit- 
ish Association, in 1840. In this case the primary was 
attended hyfive supernumerary bows, and the secondary 
by three. Kaemtz remarks, that it is not easy to account 
for these supplementary bows in a satisfactory manner; 
hut according to Young, Arago, and others they arise 
..'t)m the action of the rays of light upon each other : the 
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it 



duced by the light of the moon ; their occurrence hoM 
ever, is extremely rare, and their tints so very faint a 
to be scarcely perceptible. One of the most bnlJian 
ever beheld, was seen by Mr. Tunstall, at Gretn? 
Bridge, in Yorkshire, on the night of the 18th of Octo- 
ber, 1782. It became visible about nine o'clock, and 
continued, with varying degrees of brightness, till past 
two. At first it appeared as a distinct bow without colons, 
but afterwards the tints Were very conspicuous and vivid, 
preserving the same order as in the solar bow, though 
paler; the red, violet, and green being the brightest. 
At twelve o'clock it attained its greatest splendor. This 
phenomenon occurred three days before the moon was 
full ; during its continuance, the wind was very high, 
and a drizzling rain fell for most of the time. , 

Another bow was seen by the same observer, on tw 
27th of February, in the same year. The colors wer 
tolerably distinct, but the orange appeared to V^f^^. 
M?ate. A lunar bow with colors, was also noticed n^ 
Chesterfield, about Christmas, in the year IT'l^fJ^t 
described by Thoresby in the Philosophical ^^""^ 



tions. 



CHAPTER III. 



OP MIRAGE. v_ 

ief LSl^'^^K^'^y,"^ ^'Sht, proceeding froric* ^tvo^^^ 
ifanfff! fWiquelyout_of one medium iix^^ tTr^^V-S 
course fn^rAAt'^T'i! '' ^'fr<^ted, ov bei»*>^^« objec* 
course, (O. 704,) and when it reaches the pve, *" /^ 
w seen in the directum of the iJtr^fro^T^^^' 
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ATMOSPHERIC RBPRACTION. 



438. Thus, if E ^•25- 
represents the earth, 
and 1-2, 2-3, 3-4, dif- 
ferent strata of the 
atmosphere, decreas- 
ing in density from 1 
to 4, a ray of light 
proceeding from the 
star S, and meeting 
the exterior stratum of 
the atmosphere at 4, 
will be successively 
refracted in the directions 4-3, 3-2, and 2-1 ; so that a 
spectator at 1 will not see the star S in its real position, 
but in the direction of 1-2 S'. For this reasoa all celes- 
tial objects, (unless in the zenith, where there is no re- 
fraction,) appear above their true position. (C. 703.) 
Thus, the sun and moon, for instance, at their apparent 
rising and setting are actually below the horizon. 

439. The variations in the density of the atmosphere 
near the earth, produced by local changes in tempera- 
ture, occasion a similar displacement of terrestrial ob- 
jects ; this is ordinarily seen in the slight elevation of 
coasts and ships, when viewed across the sea, and is 
then called looming ; but to the more extraordinary 
phenomenon of this nature, the name oi mirage has been 
given. When this phenomenon occurs, images of ships 
erect and inverted are seen in the air, delightful visions 
of tranquil lakes and verdant fields delude the fainting 
traveler of the desert, and sometimes, as in the case of 
Reggio, a noble city with all its splendid panorama of 
towers and arches, stately palaces and terraced heights, 
appears like a fairy scene upon the slumbering waters 
of the sea. 
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440. Instances. On the first of 
August, 1798, Dr. Vince observed, 
at Ramsgate, a vessel in the dis- 
<^nce, the topmast only being visi- 
ble above the horizon, as at A, fig. 
26. Two complete images of the 
vessel were seen at the same time 
in the air, the one at C erect ^ and 
tile other below at B inverted: 
between them a distinct image of 
the sea appeared at D E. The 
two images were still visible when 
the real ship had passed entirely 
out of sight, 

441. Similar phenomena were 

noticed by Capt. Scoresby in 1820, 

while navigating the arctic seas. 

In one instance he beheld from the 

Jk^^^- ^ eighteen sail of ships, at 

tne distance of twelve miles ; one 

appeared taller than its actual heigt 

t' iQoo^u ^^vei'al of the rest, inverte 

in l».^2, he recognized his father's 

an HI verted image of the vessel in tl 

subsequently found to have been i 

fnites distant, and seventeen miles beyond th< 

442. During the late Exploring Expedition, a singu- 
lar instance of mirage was seen off Terra del Fue|o 
Jom the decks of the Vincennes and Peacock, ^^^|f '^e 
IS thus related. "On the 17th of February, ^^/(ok oi 
had an extraordinary degree of mirage or refr^^^^^^^^.e 
the Peacock, exhibiting three images, two of ^*"t?v v^^^^ 
upright and one inverted. They were all extronri^-> 
defined. The temperature on deck was 54^ *^ f ^l;' i\g^^- 
at the mast-head 62^ Pah. A vessel, that was i^^^|^^ i|nd 
.„_^ ymcennes' deck, became visible, and ^^'* *^ 
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On board the Peacock, similar appearances were observ- 
ed of the Vincennes and Porpoise. There was, however, 
a greater difference between the mast-head temperature 
and that on deck, the thermometer standing at 62° Fah. 
at the mast-head, while on the deck it was but 50° Fah., 
being a difference of 12° ; that on board the Vincennes 
differed only 8°." 

443. Simpson, while exploring the coasts of the north 
polar seas, in the summer of 1837, beheld a remarkable 
display of the mirage. As he rowed over the tranquil 
ocean, he seemed to be traversing a valley ; the waters 
apparently risitig on either hand, like the sides of a 
mountain^ and the huge icebergs upon theii surface ap- 
pearing ready to topple down upon him. 

444. During the march of the French army over the 
sandy plains of Egypt, many instances of the mirage 
occurred. The villages, situated upon small eminences, 
were successively seen like so many islands in the 
midst of an extensive lake, and beneath each village 
appeared its inverted image. In the same direction, an 
image of the blue sky was seen, clothing the sand with 
its own bright hues, and causing the wilderness to ap- 
pear like a rich and luxuriant country. So complete 
was the deception, that the troops hastened forward to 
refresh themselves amid these cool retreats; but, as 
they advanced, the illusion vanished, only to re-appear 
at the villages beyond. 

445. This phenomenon is so common on the deserts 
of Asia and Africa, that the Koran calls every thing de- 
ceitful by the word serai, which signifies mirage. It re- 
marks, for example, that " the actions of the incredulous 
are like the serab of the plain ; he who is thirsty takes 
it for water, and finds it to be nothing." 

446. While Baron Humboldt was at Cumana, he fre- 
quently saw the islands of Picuita and Boracha, appa- 
rently hanging in the air, and sometimes with inverted 
images; and at Mesa de Pavona, cows3i^w^B©yfealQ0QlC 
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Beemmgiy suspended in the air, at the distance of 2^132 
yards. 

When Dr. Tschudi and his party were traversing a 
deep sandy plain, near the river Pasaniayo in Peru, 
they beheld the figures of themselves, ridirtg over their 
own heads, magnified to gigantic proportions. 

447. Fata Morgana* This name is given to an 
extraorjjinary optical phenomenon, which has been often 
seen in the straits of Messina, between the island of 
Sicily and the Italian coast. It has been described by 
inany writers, and, though known for centuries, bas^ut 
lately been considered as the effect of mirage. /I ^® 
foUowing is the description by Antonio Minasi, which is 
^®?f«^r?^ as the most correct. ^ ^ .^ 

. . When the rising sun shines from a point, wben*^^ 1^ 
incident ray forms In angle of about 45° on the sea 01 
P^ggio, and the bright surface of the water in ^'^^^ec- 
js not disturbed either by the wind or the current, a ^V,^^^ 
1^^^?; P^fced on an eminence in the city of B^gS^^'AeiAy 
fct^^^K^^the sun, and his face to the se^ ^^ui^vs, 
beholds m the water numberless series of P^t, \ofty 
arches, castles well delineated, regular colar^u^i^^ ^^, 
towers, superb palaces, with balconies and win^fVas a^^ 
^nded valleys of trees delightful plains with '^f ^.sLSsSxvg 
nocks, armies of r^en on foot and horseback, ^^^^^ 
rapidly m succession along the surface of the ^^fl^ det^®^ 
■lU a peculiar af^»4^ ^^ *u^ ot«v^^o.^Uov^ Ttry^^t^ * *»ft.tci® 



iu a peculiar state of the atmosphere, wheO ?^ ^ ^^xf^^ 
vapors extend lifco a curtain over the waters, ^y^^i^e> se^; 
ODiects arft not only reflected from the surface o^ ^\&\Xf^ 
- seen in the air, though not ^^Xy ^^"^ 
^ , and if the atmosphere is sUg^^V -.^ ^^'^ 



oojects are not only reflected from the surface oi ^\&V!Oi^] 
out are likewise seen in the air, though not f^x^ ^^"^A 
or well defined, and if the atmosphere is sligJ**"*^ ^i-^ 
me jmages seen upon the surface of the water ^ 
^A^n *"■ *"'"»'^ed with all the prismatic bt»^^ ^^\x^^ 
44o. But a most extraordinary instance of *-"*^ of^ ^ ,^ 
^u"^.^^ Hastings, on the coast of Suss^a^^ ^^t at® 
26th of July, ir98. the cliffs of the French ^^&X s^\^ 
Ji/tv rmles distant from this town, and in the ^^Z^ «leteiy 
ot the atmosphere, are below the horizon and cox* -^ 
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kid from view ; but on the day mentioned, at fire 
o'clock P. M., they were seen extending to the right 
and left for several leagues, and apparently only a few 
miles off. As the narrator, Mr. Latham, walked along 
the shore, the sailors, who accompanied him, pointed out 
and named the different places on the opposite coast, 
which they were accustomed to visit. By the aid of a 
telescope, oinall vessels were plainly seen at anchor in 
the French harbors, and the buildings on the heights 
beyond were distinctly visible. 

The Cape of Dungeness, which at the distance of 16 
miles fiom Hastings, extends nearly two miles into the 
sea, appeared quite close to the town, and the fishing 
boats, that were sailing at the time between the two 
places, were magnified to a high degree. This curious 
phenomenon continued in its greatest beauty for more 
than three hours. The day was extremely hot, without 
a breath of wind. 

449. A remarkable mirage of Dover Castle, was seen 
by Dr. Vince and another gentleman, on the 6th day of 
August, 1806, at Ramsgate. 

Fig. 27. 



lURAOB— DOVHft 0A8TLB. 






The summits,!? a; w y, of the four turrets of the castle, 
fig. 27.,) are usually seen beyond the hill A B, which 
es between the castle and Ramsgate ; but, on this day 
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, Between the observers and the shore, from which the 
«Ul rises, there was about six miles of sea, and from 
thence to the top of the hill the distance was about the 
same. Their own height above the water was nearly 
seventy feet 

. 450. Origin. The cause of mirage has been par- 
tially stated; but the subject demands a more complete 
explanation. The phenomena may be divided into three 
classes, viz. : those produced by refraction, those pro- 
duced by refraction and reflection conjointly, and those 
produced by reflection only. ^ ,,„ „,„. 

451. The image of Dover Castle was pro^^^J.Pal- 
duced by refraction, simply ; for the atmosphere graau 
ly increasing in density from the lofty l»f S'^'ieediag 
«i8tle to the level of the sea, the rays of light V^^^^ I 
from the edifice, reached the eyes of the spectaw 
curved line, like those which emanate frooa » J^^ to tbe 
4^»,; and the whole structure therefore apP®* 

45xJ. Phenomena, like those observed ^\ teiva<^"°^ 
are attributed to the combined influeno« fL qI a«J^ . 
S? 'f «<rt«>n- At such times, the str^^-^g^xoedV^^J 
contact with the sea is colder than th^*-^ ^a» t\^e »,Sn 
«i^r1 ^^"l- ^^^)' ^»d this Ukewise colder >***o a ^f^?^ 
Sr^nr'^if "'5*"™' and so on. Consequeot-l^^^es ^^^ Z 
extent, the rfen^Vy ^f ^^^^ atmosphere dec^^f^c^xtos^^^^'^^ 
^^J<^ncefrom thf ocean, and. under thes^ ^* changed ^ 
dirJ^^^ of i^ght from a ship maybe ?^ that the ob 
^^T^fl'-t^y P'oc«««i through the a.i-'^^^es abo** 
server will behold both erect and inverted -^"^"^ 
tfte real object. ^^^ T»« 

453. Erect and Inverted Imags:^ . ^^««vceVii»S 
Kn» °'^". • "® anneesed figure will aid vi^ 
how erec< images are causld. 



What is said respecting the cause of mirage 1 ^ , 

into what^classes may the phenomena be divided % Digitized by V^QOQle 

SJtpIain the mirage of Dover Castle. _^ •«i»r- " ^ 
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BBBOT I1I1.0B ABOTB THX OBJSOT. 



Let D be a ship, seen in the horizon in its true posi- 
tion, by the direct rays w P, m P, coming to the eye at P, 
through the stratum of air of uniform density, lying be- 
tween the eye and the ship. Let 1-2, 2-3, 3-4, (fcc, be 
parallel strata of the atmosphere, decreasing in density 
from 2 to 6 ; and n r and m «, rays of light, proceeding 
upwards from the top and bottom of the ship. As these 
rays at r and s pass from the first stratum into the sec- 
ond, which is rarer, they are bent downwards^ or from the 
perpendicular, according to a well-known law of optics, 
(C. 706,) and this change in direction continually occurs 
as they pass successively into strata still more and more 
rare ; until at last, as at x and y, they meet the next 
superior stratum so obliquely, that they are unable to 
enter it, and are then totally reflected from the lower 
surfaces of strata 4 and 5, at the points x and y. 

The rays, on their return, are now refracted downr 
wards, or towards the perpendicular, (C. 706,) in pass- 
ing from the rarer into the denser media, and converge 
to the eye at P, which sees the vessel in the direction 
of the last refracted rays. The ship D is therefore 
beheld at D« by the rays Pr* n% and p^fti^oyA^OOgie 



MASiriFIED IMAGES. 

■454. In figure 28., the upper ray before reflection ,'« ifc 
^PPer ray after reflection, and tfce image conSS." ?" 
appears «rec^ ; but if, a8 ia figure 29., thf rB^y^^Z^ 

Pig. 29. 




INVBRTBD nffAQB ABOTA THB OHJBCT. 

^lUD^DJa^- ^^^y ^^^"^^ *e eye at P, then the image 
the figur^ *'**^'*''' as is evident from the inspecUon of 



the figure. ' "" " ""•" — """" "•"" '""^ 

<wo setl'J!^*^^^^^^ circumstances it may happen, that of 
the bott<^ '"'7*' **°® fro™ ^*»« *<>? a°'^ the other from 
before th«»V^ ^^ object, some may cross each other 
both erer./ "!!f®* *h« eye and some may not ; and then 
time. '^ *w»«w<ed imag-«r will be seen at the same 

SS.^'Jnd oV*'?''^^^^ Images. The real object in fig««» 
tbe visual L' *^,^®®" through the horizontal strata., wde? 
which thi fr!?^^^ ?* P ^- If «' P«% the angle uxvd« 
will be m«J^^r'^^««n,is^'-««'erthannP«», «-*»f *«'*l . 
and if Z^""^-^^"^ (C- 7'46) in the direction of its i«rtgtlt , 
• -a^ ^^^'Jlt °f .the WoZ visual angl««^-^f- 



K'nlair. fi.^_ ^ 



^ntfied (G. 746) in the direction of its lengK*' 
tncrease of the to^eroZ visual angle occxxx^J; 
"»»e, then the image will be likewi»« ^'^^^ i^ 

° ^iaitizerihvV^Q vH?lg 
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fied in breadth^ and will appear as if seen through a 
telescope. 

The mirage at Hastings was probably due to this 
cause. 

That such ^ lateral displacement is possible, is evi- 
dent from the remarkable mirage beheld by Messrs. 
Soret and Jurine, on the Lake of Geneva, in Sept. 1818, 
and which is shown in figure 30. 

Fig. 30. 
^0 




LATERAL XIRAOl. 



456. The curve ABC represents the east bank of the 
lake. A boat, with all her sails set, was at P, advanc- 
ing towards Geneva, and was seen, by the aid of a tel- 
escope, in the direction of G P, from Jurine's house, at 
the distance of six miles. As the boat successively oc- 
cupied the positions M N R, a lateral image was clearly 
seen at the corresponding points M' N' R', approaching 
with the boat, but appearing to recede to the left of G 
P, while the boat receded to the right. When the sun 

naked lye. ''^'' '^^ '^"'' '^' '"^^^ ^^jM'^^b^V^ 



IMAGES Below the object. 

T^Vie Ju^^^ioi^ of the sun's rays at the ti 
^^Uon, is sliown by the arrow F D.^ 

457. This curious phenomenon is suppc 

^en caused in the following manner. The 

^^ had been in the shade all the mornipg, n 

^ N' R' had been warmed by the sun; tl 

tions therefore were of different densities^ ai 

xace which separated the warm air from th 

Probahly vertical The rays of light proce 

the boat might, in this case, fall upon the Vi 

Jctce of the warm stratum as upon a mirror^ 

?nd being thence reflected to the eye of the \ 

jn[jag-e of the boat would appear behind ti 

/ '^^^y ^^ L I O was a part of this surface, 

M;om the boat at M might be reflected ft< 

^rection I G, and an image would then b< 

Observer at G, in the direction G I M'. 

.. ^®- ^J^ages below the Object. ^ 

C/iose which were seen by the French arrti 

Th^? u^^'i'^ of the atmosphere exactly <^' 

object. ^<^casions the images to app« 

^an^''^- ^^^ ^rid plains of Asia and Afr 
crease? ^^^J^'^.^^^y heated, the teaiperature - .^^J-^viovt«^; 
wardTf^"^ ^^« ^^nsity increases from ^^t^x^S "^JJevaieA 
T£^^^ certain hiight, where it is ^^^o ^^^^^^ 
Stow'^J"'' thereforl, proceeding f^'^.?^ p^^^tupoO 
STl^Z ""^^ the ground, must necessarily ^^O^^'^e^^^^^ 

s -'L.^-^i »A-*' -°""^ *^^ ,«^. ^y^K- 

1-^,^3 3—4 4_5 « are atmospheric ^^V. ^f ^^^v.;rh ^^ 

giouad at 1. l D represent a palm **^ * |^ *'*^ ?,« e * 
seen m its true p^ogViion by the eye at I*' *^- ^^^^^^ 

atmosphere of uniCrl. density. I^he ray^ 
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Fig. 31. 




niTBBTBD tMAOm BBLOW THB OBJSOT. 



c by which proceed from the top and bottom of the tree, 
in passing successively from denser into rarer media, 
will be constantly bent upwards, until at last they suffer 
total reflection at y and x ; and then, crossing each 
othet ^ are again refra4^ed through the upper strata con-^ 
verging to the eye at P. An inverted image D* will 
therefore be seen below the real object in the direction 
of the Uist refracted rays P 6* c* and P a* c*. 

460. The observer is led to imagine these images in 
the midst of di lake from the circumstance, that the as- 
cending currents of warm air, mixing with the colder 
strata, impart a tremulous motion to the images seen 
through them ; and thus they appear to be agitated, as 
if floating upon a slightly ruffled surface. A difference 
of three or four degrees in temperature is sufficient to 
occasion appearances of this kind. 

461. Images produced by Reflection. It is prob- 
able that the mirage is sometimes produced by reflectid^^^ 
only, as from a, plane mirror, and the instance witnessed 



\ 



^5 Capv. :E^«ndy when travelling in India, j 
"elated m Ws Journal, nriay have proceeded t 
cause. « A- deep, precipitous valley below- ua, at 
torn of which I had seen one or two miserable 
|n the tnovning, bore in the evening a complete 
blance to a, beautiful lake ; the vapor which pla; 
part of water ascending nearly half way up the e 
the vale, and on its bright surface trees and rock 
distinctly reflected. I had not been long contem 
this phenomenon, before a sudden storm came < 
"•^^PPed a curtain of clouds over the scene. 
,. The fata morgana is attributed to the rejjw 
***« rays of light from the surface of the sea ano 
-462. The reflecting surface of a stratum oi « 
possibly at times possess a cowcare/orw, so as ^ 
^ magnified imc^e of the object. (C. 732.) *"* 
ir^^'^^"***' ima|es seen by Dr. Tschudi ^^^ 
produced; the riflecting surface of the s*-!** 
be,„^ nearly ^^,i J. ^ ^ 

t\^^^ ,^^other instance of this kind o<^^" d 
toe last ivar with England, when CoioO"*'^ 
w^8 lying: off Boston. A figure of a sail^i ^, 
size, was seen by his whole ship's crew r^T^, 
^^?Jf"?i,**"'ing a peculiar state of the ^^%,xx\-^r, t)an»- 
ir.^- ^** the same cause must be attri^^ t-H^Jft. ^^ 
ofMtT^'-y phenomenon, which occurred »^^^, \f^^ ^e 
ofMigne m Prance on the 17th of DecerW^^gred ^» * 
was Sunday, and 3000 persons were ef*^ o^^^'^S ^ 
exercises of the Jubilee- As a part of tb^^^V^^^^fieoi 
large rea c/-o*» t^entJ-five feet high, W^^,^^ ^^"ft^^ 
«de the church,'in the V" ''^' T!w'ardj5?^^«^^,oS^ 
the day, while one of the clergy was ^^i*l^^« cfOS* 
muHtude, and reminding them of the «»»^f:?rr»y' W** 
beheld m the sk^ by Co»^*^»**"^ ^^^ '^^^^tiS^^^'^^o V' 
wasseen at that moment »«<AeAeat;ens,f»*r ^-^ .^ 
the porch of the church, and at the heigb*^^^^,^ "^ 
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dred feet above the ground. Its length was nearly one 
hundred and forty feet, its breadth from three to four, 
and it shone with a bright silvery hue, tinged with red. 

The assembled multitude were struck with awe, many 
regarding it as a miracle, and such was the extraordi- 
nary sensation produced throughout the country, that 
a committee was appointed to investigate this phenome- 
non. 

From the circumstances' detailed in their report it is 
evident, that the cross in the sky was the magnified 
image of the cross before the church, and reflected from 
the concave surface of some atmospheric mirror. The 
image possessed exactly the shape and proportions of the 
wocden cross, it was tinged with the sams colore and 
the state of the air at the time was favorable to the for- 
mation of such images. 

466. Spectre op the Brocken. The gigantic 
spectre which is supposed to haunt the Hartz mountains 
in Hanover, and is seen at sunrise from the Brocken, the 
loftiest peak of the range, is produced in a different 
manner. It is in fact nothing more than the shadow of 
the observer^ cast upon the thin vapors then floating in 
the sky. The cut below represents the spectre, as seen 
by Mr. Haue and another person, on the 23d of May, 
1797. 

Fig. 32. 
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^V^y at first beheld upon the transparent vapors oppcv 
®ite to the sun, two human figures of immense size 
"^nich imitated all their gestures. In a short time they 
vanished, but soon re-appeared, and were joined by a 
Wrrf, which likewise mimicked every motion and atti- 
tude of the observers. Similar phantoms are beheld over 
the lake of Killarney, in Ireland. 

A spectacle of this kind was observed by Baron Gros, 
Secretary of the French Legation in Mexico, during his 
ascent of Popocatepetl, in April, 1834 When he had 
attained a very great height, he distinctly beheld, on the 
morning of the 29th at sunrise, the shadow of the erUire 
volcano cast upon the atmosphere. It appeared as an 
trnmense circle of shade, through which the whole coun- 
ti-y below could be plainly seen, and was bounded by a 
W*' "^^^ing from north to south. As the sun rose the 
snadow descended, becoming more and more transparent, 
and m the space of two or three minutes was entirely 
*3ispersed. 

466. Artificial Mirage. The phenomena of the 
mirage have beei a^dSuy produced^y Dr. Brewster, 
m the following manner. 

Fig. 33. 
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sity of the fluid, the density increasing from the siirfuce 
to the bottom. When the heat has almost reached the 
bottom, if a small object, as a toy-ship, is then placed at 
S, the eye at E will see an inverted image of the ship 
at S' and an erect one at S": an appearance similar to 
the mirage observed by Dr. Vince. 



CHAPTER IV. 

OF CORONAS AND HALOES. 

467. Coronas. When light, gauze-like clouds float 
before the sun and m6bn, their disks are sometimes 
seen encircled by one or more colored rings, which 
are termed coronas or crowns. This appearance is more 
frequently beheld about the moon ; for the eye is usually 
too much dazzled by the brilliancy of the sun to discern 
the hues that surround its orb. To observe them with 
distinctness, they must be viewed by reflection from a 
blackened mirror, which tempers the vividness of the 
solar rays. 

468. If the coronas are complete, the rings are each 
composed of several concentric circles : the first, count- 
ing from the disk, is of a deep bbiey ih^ second white^ 
and the third red. 

These three circles constitute the first ring. In the 
second the order of colored circles, reckoning the same 
way, is purple^ blue, green, pale yellow and red. 

469. Karely, however, are coronas thus perfect ; for 
more often blue mingled with white is obseived near 
the disk ; this is followed by a red ring, its inner mar- 
gin clearly defined, but its outer limit blended with the 

Of what does chapter fourth treat 1 Digitized by CjOOQ IC 

What are coronas'? ^ 

A ..^.m^^A mwrVttt* AwK Awa «Ka«. *mao* A^nMn An*1'n ^amm O 



OP CORONAS ATKTT^ TTA^ 

AND HALOES. jgg 

^^cceediag circles. If bevonH fh\<:, o 

the stafr^f Vu. I "! ^^ ^^^ sun varied, according- to 
•^-^^ £lrl '''"^' "^^ atmosphere; from orS to 

<^aus?d Z^lhr^i/""^^^^^^^ ^^ Praunhofer, coronas are 
stood tH rhLyi^''^^'''' ""-f ^""Sht; by which is under- 
^V across Z^V^ V^ ^^ ^'^^^ wnrfer^oe^ m pass- 
q^enceof whithfr^^^^-^ ^^ ^^^^^posed body, in conse- 
colors a«t ,-f iV 1.=^ decomposed into the seven primary 
4n. 7^''^^^ through a prism. ^ ^ 

'fitted into / h"^^] ^"^^ ^® ^''^^'^ ^^ ^ **^y ^^ '^^*^^ ^^ ^^■ 
opening- a*^ « . J^^^®^ '*ooii^, through a very small 
the ray.' jf P^^-^o^ and a knife-blade placed" across 
^Pon a whit shadow of the blade is now received 

^^^erved on ^ ^^'^^^, frmges of colored light will be 
^^der of the ^^' ^^^^ ^^ ^^^ shadow, arranged in the 
and temiina.r^^^^^^^^ hues^ commencing with the blue 
coronas are ^^^ ^^^^'^ ^^^ ^^^' ^^^ manner in which 
what extendfS*^^"^^^ "^7 diffraction, requires a some- 
*^oife in a caiY? ^^P^anation. If we cut a fine slit with a 
ous object as ^^^ ^^^^ through the opening any lumin- 
o/* the apertur ^ candle, we shall perceive on each side 
^^ tbe candle^ ^iC^^ of colored images, which are those 
c^/ors of the ' ^ach of these images possesses all the 
the same, the ^P^/^^^'"^^? and the order of their lints is 
the red the *», ^'*^^e/ being- 7iearest to the apertttre, and 

472. The iS*'' ^^^^an^ from it. ^ 

//instead of a s^^^^ ^^^^ '^^ more nurneroivs and brilliant ^ 
is ariang-ed eo i ^T^^ ^P®"^"^'? ^ system oimany apertures 
other. This nV ''^ ®^^®? ^^^ equally distant from each 
g'iass yfitli the ^•^.'^® effected by ruHng upon a piece of 
l^'^^-dista7it lirt ^^^^^ of a diamond, fine, parallel, ^xlA 
aarlcened rooir^^^' ^^vei^al hztndreds in an inch. If in a , 
^'e look through a plate of glass thus)glC 



w^._. 
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prepared, at a small opening in the window-shutter 
through which the sun-light comes, a row of prismatic 
images of this opening will be seen on each side of it; 
their direction being perpendicular to the lines. 

Thus, if figure 34. repre- ^•«-^- 

sents such a plate of glass, 
the white lines being the ruled 
lines, and the aperture is view- 
ed through the point, L, a 
row of images will be seen on 
each side of L at the corres- 
ponding points, a a, b b, c c, 
and in a line perpendicular to 
the ruled lines. The tints prismatic imaobs. 

are in the same order as in the 

first experiment, and are caused by the decomposition 
which the rays of light undergo in passing by the edges 
of the unruled intervals of glass. 

If another series of parallel lines is drawn at right 
angles to the first, a seco7id row of colored images will 
start up in a direction perpendicular to that of the^r^^ 
images ; and, if the ruled lines in both series are equally 
distant from each other, the first set of images a a a a, 
will all be situated at the same distance from L, each 
one on the middle of the side of a square, whose centre 
is L. The same will be true of the second set b b b 6, 
and so of the rest. 

If there were three series of ruled lines, equally in- 
clined to each other, they would form regular six-sided 
figures or hexagons, and the images would be found on 
the sides of hexagons as in figure 35., where the white 
dots represent the places of the images. 

473. Now it is evident, the number of series may be 
so increased, that the figures formed by the lines shall 
have so many sides as not to differ essentially from 
circles ; and then the colored images would touch each 

. 1initi7PHhyC-fOOglP 



OP CORONAS ^1^0 HAL0E«. 



195 



K«.8B., 



PRXMI*T1U 



wafic imag^** around the 
Wmiuovis ™oint, the blue 
^'ng the irtwrmost color, 
and the reel the mtertnost. 
Thus, for matance, if in fig- 
ure 35., the number of series 
was sa muUiplied, the larg- 
est hexagon would be chan- 
ged into the limiting circle, 
^d the images, a a, b b, c c, 
occ, Avould form prismatic 
circles around L as a common 

centre. ^^^ a 

474. These rings appear in great beautV J^ ^^^ 
luminous object ia viewed through a plate o\^aved9,»«* 
the lines forming concentric circles, many »«* ^isW^f^; 
even thousands beinff contained in an inch ; " ^\^ ^ 
number, and brUliancy of the rings increasin&^e t^*' 
fineness of the lines, and the narrowness o^ 
parent intervals. , MffV^etv®^ V* 

475. Similar prismatic rings are behelO' oV^i^i^^^a 
the transparent intervals through which J- ifxi^ J^ a- 
seen are grrouped symmetrically around a P^ t-V^Ve^^'^ 
Fraunhofer, in looking at a luminous objeot- pla-<^^^^\)Y 
nuraber of stnall glass balls of equal siz®' -^cK»j\^on9- 
tween two parallel plates of glass, saw it ^^ly,x& .f vi»^cto 
several colored circles or coronas. Nor f^^.^o^^Vo«»^vf« 
ing, for the apertures between the balls tin • ^r« ^^ v\ve 
the light came, are arranged concentncaU>^^^^ e»C|6 
point, like the transparent intervals in the ^ ^^^ ^^^Hs, 
circularly ruJed lines This will be seen oy^ *" ♦Vxto^^v. 
'0 %"re 36 where the dar/c circZe* represe^^^ t.« ^^Vvc^ 
and the It^Ae ^artshemeoti them the »«'^^^t,j^^'^^V i^^^ 
which tlie rays come from the luminous o^J ^^stt tb» 
IS supposed to be situated behind the figuie- -^, ** , 
obvioua at a glance, if the eye is fixed upor ^.^J;^^^(^oOgle 
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mon t^iitre is the middle T\g.2&. 

point of B. If we look at A, 

the intervals are arranged 

around this bail in a similar 

way, and so of any other 

ball. In viewing, therefore, 

a bright object through the 

balls, it should exhibit the 

same appearances as if seen 

through the circularly ruled 

glass, and this is found to glass balls. 

be the case. 

476. Now the globules of vapor, of which fogs and 
clouds are composed, are arranged in a similar manner 
throughout the atmosphere, and act upon the light of 
the sun and moon as if they were so many small glass 
balls. When, therefore, the rays of the moon, for in- 
stance, reach the eye of the observer, after passing be- 
tween the particles of light, inteiposing vapors, he will 
often see her orb surrounded by beautiful coronas, glow- 
ing with the rich colors of the spectrum. 

477. Coronas are only seen when the globules of 
vapor are comparatively /ei^?, and are of equcd size. If 
they are too numerous a dense cloud is formed, and the 
intervals being closed by the globules, no rays can pass 
through them. If they sue few in number but differ in 
size, then the intervals are not sj/m,metrically arranged, 
and the sun or moon will appear surrounded by a glory, 
or bright circle of white light. 

The distance of coronas from the luminous body is 
not always the same. The sm>alhr i\iQ particles, ihid 
greater is the diameter of the rings. 

478. When white clouds, having the form of the 
cirro-cumulus, float near the sun, bright, prismatic 
colors are often seen, by the aid of a blackened mirror, 

When are coronas only seen 7 ( OOO I P 

What is the result when the particles of vapor differ ^^sizeV^ Vr'^^g l^ 
Why will the rings vary in magnitude 1 
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fri»g\na;\h^> edges that are parallel to the horizon. 

^vinges\\e generally green within, bordered by ttA 

Unas. 
. If the air is pure, and the moon shines hrighih 

^'g"ht and broken edges of cumulus clouds, as they 

near her disk, are sometimes seen in like manner fri 

v^ith prismatic hues, the purple tint being the ne 

color, and the red the most distant' 

479. Anthelia. Anthelia are coronas seen by r 

tion, when the back of the observer is towards in 

and are so called from the Greek words anu, ^V^ 

^nd helios, the sun. ^ed 

If the plain surface of the circularly ^ ^ ^^^ 

(Art. 474) is blackened, and the luminoas o^^^ , 

oy reflection upon the ruled side, its imag® ^^lo^ 

surrounded by colored rings precisely ^"^ \^ i^ 

encircle the object itself, when viewed, as 

case, by transmitted light. , " , ^f ^ V 

in analog-y to this, when the shadoW^*^e 
cast upon a stratum of vapor, the head ot J; ^r 
under favorable circumstances, is seen sxt'r^ 
prismatic circles. ^b 

480. A beautiful display of this kind ^ i 
J?*^ ^^^^^Uttimit of Mount Lafayette, fift^^^t,. 
Mount Washington, on the 7th of Aug^^' ^ 
the afternoon of the day m question, tw ^ ^ tu ^^^x^t 
were standing upon this lofty eminence, ^ ^^X^xs <^^L 
storm was ragin/beneatb them and a sea ^ ^SvTecVo^^!, 
ou the vales from view. A light mist wa^^^ tS^^^P?! 
falling, when suddenly the sun burst ^^^^^^^^^^ll VJ^J^ 
above, and the obsei-vers saw their 5/iadoi/?^^r^^^^etv^v| 

the vapor b^j^are them, their Aead^ ^Ir^ f^^Z^^^o^ 
bni/iant, pr^z^^^tic rings. The ^i^^^l^^^f J^^^^ ^ot^et^^^ 
tenor tTi^eltpe f^et mdiaTne^er,ipevfectlyAen^\^j^^r^ ^bet* 

(in(s wrere exceedinfflv rich and vivid. Tbi^ ^ u;i.^^=='' 

lasted for the spaclof twelve or fifteen rxi^* ^b^l 

iigmd\iB,lly vanished. ^^ 4^:^ nOOSk--^ 

481. In the polar seas, when the stratu^t*^^^^^^,^^-.^ — ^^r^ 



198 OPTICAL PHENOMENA. 

rests upon the ocean rises to the height of about three 
l^uadred feet, a person, stationed upon the mast of a 
ship, eighty or a hundred feet above the water, perceives 
in the fog opposite the sun, one or more circles around 
the 8ha,dow of his head. They are all concentric ; 
their common centre being in the imaginary line drawn 
from the sun throtigh the ope of the spectator to the fog 
beyond him. The number of circles varies from one to 
five^ and when the sxm is bright, or the fog thick and 
low, they are usually numerous and highly colored. 

482. On the 23d of July, 1821, Scoresby saw four 
concentric circles around his head, with the series of 
colors arranged in the following order : 

1st circle, white^ yellow^ red, purple, ' 

2d circle, blue, green, yellow, red, purple. 
3d circle, green, whitish, yellowish, red, purple, 
4th circle, greenish white. 

The colors of the first and second rings were very 
brilliant, those of the third faint, and only seen at inter- 
vals, while the /owr^A exhibited only a slight tinge of 
green. According to Scoresby, anthelia are always seen 
in the polar regions whenever fog and sunshine occur 
at the same time. 

483. Several philosophers have supposed that an- 
thelia, or coronas opposite to the sun, are caused by 
the passage of light through frozen particles of vapor, 
but this phenomenon has frequently occurred, when the 
temperature of the air was so high as to preclude this 
idea. 

Thus Kaemtz often beheld anthelia upon the Alps, 
when the temperatqre of the air was 50° Pah., at a 
short distance from the fog. Their explanation upon 
the principle of diffraction is the most satisfactory, and 
the truth of this theory is strongly confirmed by an ob- 
servation of Kaemtz, who, on one occasion, first saw a 
corona when the cloud was between himself and. the sun,| 
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and lYiftiia^^ anthelioyi from the same cloud when it waa 
opposite 10 *he5wn. 

Haloes. 

484. Haloes are circles of prismatic colors about the 
s^tn and moon: they differ fi^m coronas in three partic- 
ulars : ftvRt. thftir structure is often more compUcatea^ 



ulars ; first, their structure is often 
secondly, their diameter is g 
order of colors is reversed, the 

of this pher«fr":,rSicft 



secondly, their diameter is greater; anu ""y^' i^. 
r...A^., _/'_,. . :. ^^^ red being nearest the lu 



mi nary. 

485. The several parts of this ph^^^^^'f/l^^^^ 
thus classified, 1st, Circles surroundiiig ^'^.T^^^^gh the 
occupies their centre. 2d, Circles P^^^^^J' first class, 
orb, 3d, Arcs of circles touching those of tne j ^^ ^ock- 
4th, JParhelia and paraseletKB or mock-suns ^^^^^ eaci* 
moons, found at the points where the cu'Ci® 
other. ^ 

486. Facts. The annex-' ^*^' 

ed %ure represents a halo 

around the sun, observed by 

fecheiner, in 1630. In the 

cut S is the sun, A B O a 

circle about 45° in diameter, 

and D E K another circle, its 

diameter being nearly 95° 

^^, the surz bein^ in their 

common centre. Both ^^^ 

circles were colored like the 

primary rainbow, but the 

red was next to the sun, the 

ofher colore succeeding ^}^ 

the natural order. D S F is 




sol*'*-**' 



a third whitisli circle pcLS^' ^ ^x^ ' 

ing through the centre of the sun, and H ^^ 
ofa/ourtb tauchin^ p E F at E i^* ^- 
Were JT^ ^^^^i^^— *^ ■ ■• -~ ^ >-».*:* i^Vkonr 



' - at *^ 



J moclc-stins • the same phenomena ^^ 






^^ 



e>tx 



lYhat s.re h Alrkf:».<a *? 
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and E. The mock-suns, A and C, were of a purplish 
red next to the sun, while D and P were entirely white , 
the former were also more brilliant, continuing visible 
for three hours together, while the light of the latter was 
faint and fluctuating. 

The mock-suns B and E were almost the first to ap- 
pear and the last to fade, excepting A, and throughout 
the whole phenomenon, which lasted five hours, they 
were perpetually changing in magnitude and color, B 
was formed in a peculiar manner, the halo ABC was 
composed of several intersecting circles, and at one of 
these intersections the mock-sun B appeared. 

487. On the 9th of Sept, 1844, a halo of a somewhat 
complicated structure was seen by many observers, both 
at New Haven and at Hartford, Ct. It continued for the 
space of four hours, commencing about 10 A. M. and 
ending at 2 P. M. 

Fig. 38. 



BOLAR HALO. • 

Its appearance is shown in figure 38., where S repre- 
sents the sun, A B the ordinary halo of about 45° m db 
ameter, and C D a circle whose centre was in the zenUk 
while its circumference oassed through the sun. I)^ 
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The halo A B exhibited at times bright prismatic 
tints, and was attended by an ellipse or oval, as seen in 
the figure. The other circles were white, and fainter 
according as they were situated farther from the sun. 

488. On the 30th of March 1660, at Dantzic, Heve- 
lius beheld, about one o'clock in the morning, the halo 
shown in figure 39. When first perceived the moon at 
M was surrounded by Fig. ». 

a complete whitish 
circle, ABC, 45° in 
diameter, while at A 
and C were two mock-* 
moons displaying va- 
rious colors^ and shoot- 
ing out at intervals 
very long and whitish 
streams of light. At 
two o'clock the larger 
cncIe,DEP, was seen, 
reachmg down to the 

horizon, having a di- .^A»«i.i^o. 

ameter of 90^. , olored 

The tops of both circles were touched by ^^^ 
ardies, like inverted rainbows, the red tint *?;j^^^ 
to the moon. The arch at B was a part o^^^^^^ion of a 
in size to D E P while that at E was a pouiu 
"'"'So'' o^*"^. ^^^ magnitude as A B C. ^^d the 

489. Such is the general structure of '^^^^^^^^^^^ 
identuy that exists fn the ^^^S^^^^frf 
of the several parts clearly l^T'l'^lnse Ws are has 
nate in certain fixed laws ; b^^ what those law 
«ot yet been fully determined. satisfacto- 

490 Okx>xx.ahv Hai-o of 45o T^-™^Sa5oUeand 

ry e^lanation of this halo is ^'^f''' ^'^ZA^ythe refrac^ 
A>i*. Younsr. wh^^ « ^ u. to be caused Dy ^"^^^^j^. ^f 





^^^^€>sphere. 
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BBFRAOTION TBBOCaB 
ICB*CBT8TALS. 



491. Ppr the sake of illustration 
we will suppose that A, figure 40., is 
a crystal of ice or snow, having its 
refracting angle equal to 60°, which 
is the usual angle of such ciystals, 
and '' that S E and S P are parallel 
sunbeams, and E the eye of the ob- 
server. The ray, S P, passes through 
the crystal as through a prism, and is 
decomposed into its original colors, 
the greatest amount of pris9natic 
light reaching the eye when the angle 
of deviation, S E R, is about twenty- 
two degrees and a half, 

492. Now, it is well known, that 
in cold weather the air near the earth 
is often filled with fine needle-shaped 
crystals of ice, and that in the higher regions of the 
atmosphere, above the limit of perpetual congelation, 
crystalized vapor exists in summer as well as in win- 
ter. (Art. 237.) 

493. If we then suppose a stratum of ice-crystals 
floating in the air so thin that the sun is distinctly seen 
through it, though veiled as by a slight mist ; an ob- 
server will behold this luminary encircled by rings of 
colored lights proceeding from those crystals whose an- 
gular distance from the sun is about twenty-two degrees 
and a half 

The diameter of this circle or halo, will of course be 
nearly 45°, and the red tint will be next to the sun since 
it suffers less refraction than the blue. 

494. It might be objected, that the crystals of snow, 
when floating in the air, would not naturally assume 
such positions as to refract the light properly to the 
eye ; but it can be proved by rigorous calculations, that 

if the vast number of crystals which ^^^^§§^p^^^f^q[^ 



HAtO OP NlNETr DEGREBs. 

Hght -wiWt^sss through them ; and that one-t 
*ratistn\wec3 lays will reach the eye within a 
one andah-olf degrees, viz., when the ang-le o. 
S E R varies from 21°' 50' to 23° 22'. 

Such is the theory in regard to the origin o 
««W"y halx), and the probability of its truth is 
ened by the fact, that fine crystals of ice are 
produce curves and circles of prismatic light. 

495. On the 23d of March, 1845, Prof. Sne 
herst Coirege, beheld a most beautiful phenore 
ne stood facing the sun, which had just ans 
served upon the dead grass before him a '^^ 
'sorual band of Ught, three or four feetbroa 
w»th ail the colors of the rainbow. The 
curve was twelve or fifteen feet distant, wW 
oranches extended several rods to the i^g' 
i- ne long- spires of dead grass were fringe'*^ 
cry*^a&, and the cause of this biiUiant a^ct 
attributed to the refraction of the sun's ^ 

,K™. '^. a distant light, as a street-la^ 

VVuough a pane of glass upon which the v^-l 

iias crystalized, two or i»ore fine haloes^\\ 

seen eurroundinff the luniinous object. * _ . 
E^"r^^ ,^'e pLented to the eye if ^%^ ^ ^^"^ 
plate of g-lass upon which a few drops <>* c 

solution of alum Wve rapidly crystahzed- ^^ \,^\o °^, 

497. Ex-ntAORniNAiiY Halo op 90°- ^ t,o j^^^ .Vx© 

mnety decrees is also supposed to be o^^^V ^^ 
fraction of light' through crystals of ice ^ ^v-*s© 

crystals bein^^ siVS^pnsnis. (Art. 283.) ^^. ^^J^e 

498. Circles passiistg through tH^ ^^^^ i^ .^^s P^^" 
are often Az^^,^ ^^^^^J^, and when the ^Jl^^^ ^^^^'^St*^**' 
ionzon, a poit^n of a vertical circle ^9Z^<^^ coi> 
sents the appearance of an «7>rig-A^, l^'^'^^^^^-t-pT^TZC^.^^ 



^^^ftal^i^*''"^ 
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Many years ago, on a very cold morning, there were 
seen at West Point, above the sun, vertical columns of 
light of exceeding splendor, tinted with all the pris- 
7natic colors, and surpassing in brilliancy the hues of the 
rainbow. A similar phenomenon was observed at the 
same place, by Prof. Twining, on the 5th of Jan. 1836 ; 
but the prismatic tints were wanting. 

On the 2d of January, 1586, an extraordinary display 
of this kind was seen by Roth, at Cassel. Before the 
sun rose, an upright column of light illumined the sky, 
at the point where the sun was about to ^pear. Its 
breadth was equal to that of the sun, and it glowed like 
a vivid flame. An image of the sun next appeared so 
brilliant as to be taken for the orb itself. This was 
immediately followed by the true sun, which was di- 
rectly succeeded by a second imxige. The luminous 
column with its three suns was visible for the space of 
an hour ; the three suns were exactly similar, only the 
true one was the brightest. 

499. A similar phenomenon was observed on the 21st 
of February, 1847, by Lieut. Abert and his party, du- 
ring their exploration of New Mexico, and is thus de- 
scribed by Abert in the official report of the expedition : 

" The snow had heaped up around the rest of the tents 
so that the inmates were obliged to desert them, and 
take refuge in the wagons. About mine, the wind had 
swept in such a way as to keep open a path around it, 
although the snow was on a level with the ridge-pole of 
the tent. We now broke up some boards that were in the 
wagons, and kindled a little fire. Soon the sun rose ; 
but, instead of one sun, we had three ; all seemed of 
equal brilliancy ; but, as they continued to rise, the mid- 
dle one only retained its circular form, while the others 
shot into huge columtis of fire, which blended with the 

air np.ar t.hftir nummits. T'hp l-iri»nHth nf fViA rnliimns 
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PART VI. 

LUMINOUS PHENOMENA. 



CfiAPTER L 

OF METEORITES. 

502. Meteorites are those solid fiery bodies which 
from time to time visit the earth, sweeping through the 
sky with immense velocity in every direction, and re- 
maining visible but a few moments ; they are generally 
attended by a luminous train, and during their progress 
explosions usually occur, followed by the fall of stones, 
to which the name of aerolites is given, from the Greek 
words flt^r, atmosphere, and lithos^ a stone. 

503. Facts. At noon, on the 7th of Nov. 1462, at 
Ensisheim, in Germany, a loud' explosion was heard in 
the air, and a stone seen to fall which buried itself deep 
in the earth. It weighed 260 lbs., and by the order of 
the Emperor Maximilian, was suspended in the church 
at Ensisheim, where it remained until the French revo- 
lution. A portion of it is now in the Parisian museum, 
and another in the Imperial Cabinet at Vienna. 

On the 21st of June, 1635, a fiery mass was seen 
passing over the Veronese territory with such velocityj 
that the eye could scarcely follow its motions. Loud 

What is the subject of part sixth 1 i r\r\n\o 

What of chapter first 1 digitized by ^^OU^ IL 

Define meteorites. 
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^plosions v^rere heard, and a lar£^e stme fpi? „ 
B«r^edictiue Convent, about «x miles from yl "?'" '*" 

I4fh Vn^'^^^X'' '"^ °'''''^'^' °° *^^ «om,V of the 
nonh t. '^'•.K^^^' *w''^°"'« n' 'r° rushing from 
cut • •» °"*^' °^^'' Weston, in tlie State of Counecti- 
tir,^\) • ^W^rent diameter being equal to one-half, ot 
the" 1 '^ J*' • ^* °^ the/M« moow. As it passed behind 
shot? • i! ^^ appeared liJce the sun through a mist, and 
aci-o ^i. ^ ™*^ ^'^d subdued light; but when it shot 
flaah«^ ^ intervals of clear sky, the glowing body 
wiSrf a«^ sparkled like a firebrand carried against the 
ine i,; /*'^'"d it streamed a ;,ate, luminmis tram, taper- 
c?5- ™' ^"<i '«» "^ twelve tin^ as long as tts dtom- 

tni^Jle "^*f °»:ite was visible for the space of bal^ 
*<S^' r? J"«t as it vanished gave <Ar*«, *^^^,e, 
«aSa^„,^''°"^ thirty seconds after its disap^«*;*,,{ ^ 
cannon T^^^J»^«*^wereheard hke the vepo^^^.^et\y 
after th/ ""^^^d by a l<md, whizzing nois^' , pnace 
heard aso;n?r'«»\.^ P^uT ^'^ ^^« "^kv I^^^'^LI. 




^eia-hed n*.= H''^^<=^' ah aerolite was discoV*** 
Amher^S^ 35 pounds. ^^^ «Vou 

lock, was i.^^^^' which was dashed to P*^^a, *-**.« \ft 
^eigbld U"^rd, from the figments col\^<^^^^s f ^ 
Writus n^f ^^f^red pounds. Other afei-*'*V»« *-'? ,\W 
■ tterdei^' 'f ***^ the town. The stones, at J^^gt^^^^''^^ 

505. At ^"»\ exposure to the air. ^ T^^'X^ooU^^ 

a nieteorii^ ^^t^ypoie, in India, on the 5th <>* ^'^ w^/»^^ 

fl/^A^ siiTr ^® t*»e north-west. It appeare^ ^ ^^^Ao- 

• fll^"' '•o.^^dinff a red ^lobe of the*^ W^^gtS<ao6§le 
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lery, and a stone fell^ wliich, in its descent, emitted 
sparks like those proceeding from a blacksmith's forge. 
When first discovered, the aerolite was Ao/, and ex- 
haled a strong sulphm'ous smell. 

On the 11th of Dec. 1836, just before midnight, a me- 
teorite of extraordinary size and brilliancy was seen 
over the village of Macao, in Brazil, traversing a cloud- 
less sky. It burst with a sharp, loud noise, and a 
shower of stones fell witliin a cirdle of ten leagues. The 
aerolites varied in weight from one pound to eighty, and 
descended with such force as to break through the roofs 
of houses, and bury themselves deep in the sand. 

506. Dr.Chaldni has compiled an extensive cataIogU3 
of instances when meteorites have been seen; from 
which it appears, that these extraordinary bodies have 
been noticed from the earliest ages, and in all parts of 
the world; and, since attention has been drawn to the 
subject, scarcely a year now passes without one or more 
well-attested cases of the fall of aerolites. 

507. Size op Meteorites. We must not confound 
the magnitude of ihe meteorite with that of the aerolite, 
for the latter is nothing more than a fragment thrown 
off from the former and falling to the earth, while the 
main body sweeps onwa'^d in its course. 

The diameter of the Weston meteorite was computed 
to be 300 feet, and that of the meteorite observed by 
Mr. Cavallo, at Windsor, on the 18th of Aug. 1783, was 
calculated by this gentleman to be no less than 3210 
feet, or more than three-fifths of a mile. Mrs. Somer- 
ville mentions one that was estimated to weigh nearly ' 
600,000 tons. 

508. Altitude. The height of meteorites above the 
earth has been estimated, and found to vary from 18 to 
70 or 80 miles. According to the calculations of Dr. 

RftwrHitr.Vl. thft iTiPtpnntp. nf W^fitrin ftnT\rf\a^V\^A rtrUUi^ 1Q . 
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■ville, cavne within the distance of 25 miles. An 5n 
stance is given by Dr. Halley of a meteorite that explod- 
ed at an elevation of 69 miles, with a report like that of 
a cannon. 

509. Velocity. The velocity of these bodies is gen- 
erally somewhat more than 300 miles per minute, though 
many cases have occurred of far greater speed ; the me- 
teorite just mentioned, that came within 25 miles of our 
earth, moved at the rate of 1200 miles per minute. 

510. If a body in the atmosphere is seen at the same 
time by two observers upon the earth at different sta- 
tions, and its angular elevation taken at both stations; 
Its height in miles and feet is' easily ascertained by the 
aid of trigonometry, when the distance between the two 
stations is known. If the body is in motion, and its po- 
sition noted at the m^m^nt of its appearance and disap- 
pearance, the distance it travels in this interval, or me 
^ih of its visihUpath can be obtained, when its beigji 
has first been computed. The speed is ascertainea d| 
folding the length of the visible path by the nun^J_ 
seconds during Ihich the body is seen. The m^ 
tude IS easily °btained by trigonometrical f^^^S 
when the distance of the body and its angular diamete^ 
^ known. I„ thi, ,^a„„er computations are made upon 
"^teorttes, shooting-stars and the aurora horeoi^s. 

511. Pi-on, their sudden appearance and extreme ve 
/ocity, all observations upon tfiese phenomena are UaWe 
to great inaccuracy and estimated of i»agm tude, veto 
city and height iVled from such observations must 
be received wfth^'i^X allowance, and -e^^ ^J/^f t 
S?uth ^ ^« approximations, more or less near 

512. Form. Th,. oreater number, of aerolites, ac^ 
cording to Schre«ir<.^hlve always the same gener<^ 
J-orm, which is that 5 ^^oblique or slantvngjpyr^^ 
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They are also alike in external appearance^ presenting 
to view a 6/acA:, shining crusty as if the body had been 
coated with pitch. This crust is not greater than the 
two-hundredth part of an inch in thickness, its composi- 
tion is identical with that of the ma^s^ it bears the marks 
of fusion, and strikes fire with the flint. When broken^ 
the surface of the fracture displays the color of an a^k- 
grey, 

"Distinct aerolites," says Berzelius, the celebrated 
chemist, " are frequently so like one another in color and 
external appearance, that we might believe them to have 
been struck out of one piece." 

513. Composition. According to Berzelius, aerolites 
consist of eighteen elementary substances. A nine- 
teenth has since been discovered, and perhaps two others. 
They are remarkable for containing malleable metallic 
irony nickel, and chrome. Their specific gravity varies 
from 3.35 to 4.28. 

514. These common characteristics indicate a com- 
mon origin, and this we are led to seek beyond the earth, 
inasmuch as the composition of aerolites is totally dif- 
ferent from that of any stony mass, forming a part of the 
crust of the globe. Malleable metallic iron is rarely, if 
ever, found in terrestrial substances, nickel is extremely 
scarce, and has never been discovered on the surface of 
the earth ; and chrome is, if possible, still m^re rare, 

515. It sometimes happens, though seldom, that the 
aerolite consists almost entirely of metallic iron. On 
the 26th of May, 1751, a meteorite burst with a tremen- 
dous report, ovey Hradschina, in the district of Agram, in 
Upper Sclavonia. Two fragments were seen rushing to 
the earth, the largest of which struck deep into the soil. 
This mass weighed 71 lbs., exhibited evident traces of 
fire, and, upon being analyzed, gave, out of every lOO 
parts, 95.5 of iron and 3.5 of nickel A portion of th^ 

,xru-. »_ .u... ,.,. « Digitized byC^OOQlC 
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iron being ^neiy polished, and corroded with acids, a 
ttiost beaatiful crystaline structure was revealed, branch- 
ing in every direction over the surface. This peculiarity 
belongs to most of the specimens of the iron of mete- 
orites. (See Fig. 41.) 



CRTaTAtuiB BTEUCTUBB OF TM MBTKOKlO XBOH OF XB^*- 

XCopyqf an Impression taken/Yom the Iron.'} 

. S16. Meteoric Iron. From the peculiar consUtu- 
tvon and structure of aiJolites. we are enabled to de^ct 
the meteoric or^iy^'^ses ofir^ which are occ^^on^ 
ally found scattfrX^rthe surface of the earth, in all 

quarters of the Sobe Fo'" ^'""^^ '^^^ P^^^-^^'^.l ,«C 

elements as the ,>o„ of agrolites, cmnbined in the same 

manner, and as no such masses have ever been taken 

from mines, we must necessarily conclude, that they wei^ • 

Of theSu*^** fS meteorite, though no record exists 

617-. Humboldt relates, that in Mexico, n qa,r^ th^e^ g^^^ 
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rons of Durango, is an enormous mass of malleable iron 
and nickel, which possesses exactly the sams composi- 
tion as the fragment that fell at Agram. 

A mass of metallic iron, weighing 1644 lbs., was dis- 
covered by Prof. Pallas, in 1771, at Krasnojark in Sibe- 
ria. It was regarded by the Tartars as a sacred ob- 
ject, and according to their traditions had fallen from 
heaven. 

The famous mass of malleable iron which was found 
in Texas in 1808, and is now in the cabinet of Yale 
College, weighs 1635 lbs. It contains nickel. 

518. During an expedition in South Africa, Sir James 
Alexander discovered, near the Great Fish river, a con- 
siderable tract of country, over which fragments of mc- 
tcdlic iron were scattered in profusion; a specimen 
analyzed by Sir John Herschel, was found to possess 
nickel, thus proving conclusively the meteoric origin of 
the masses. 

519. Origin op Meteorites. Natural philosophers 
have advanced ^vc hypotheses, to account for the origin 
of these extraordinary bodies. 

1st. That they are ejected from terrestrial volcanoes. 

2rf. TTiat they are produced in the atmosphere, being 
formed from the gases exhaled from the earth. 

3d. That they are thrown from lunar volcanoes. 

4tth. That they are terrestrial comets revolving about 
the earth like the m^on. 

5th. That they are celestial bodies revolving about 
the sun like the planets, and encountered by the earth 
in its annual progress. 

520. First Hypothesis. The first supposition can- 
not be maintained, since it is impossible for the volca- 
noes of the globe to hurl to the height of twenty mil^ 
masses of the size of meteorites ; besides, the composi- 



Illustrate from the several instances given. 
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^^ou of i\i^^ latter is entirely different from 

^^1. Sh:<^ond Hypothesis. The secon 
^tenable^. Nickel^ according* to high c 
t-norities, Vias never been raised in vapor; 
^ne intense heat of volcanoes. A mass of m 
m the aiv, must therefore be destitute of ni( 
^^ent which meteorites invariably possess. 
such a body, in its descent, would fall perp 
to the ground by the action of gravity, and 
along-, as did the Weston meteorite, in a dire 
parallel to the surface of the earth. 

^2. Third Hypothesis. In regard tot 

potliesis, it has been shown, by calculations 

Q^nd other eminent mathematicians, that 

jected from the moon, with a velocity of ^\ 

secondy would pass beyond the point of ^^ 

traction, and either fall to the globe in the 

thlff ^u^ ^ half by the force of gravit 

about the earth like the moon. It is not 

Cf?5^^ that such an event might occO?^ 

this ^"^ '^^^erly improbable \\idX meteovit' 

«£^f ' J^'^itting other objections to this * 

Aim I*! ^^^ber of meteorites constitute 

difficulty. It ^ V^ ^ St faith to bel^-'^rlea-et 

iunaTv'of " *^^veVn describU could ^^ O 009Jj:st ^e^ . 
seron/^''^^^' ^^ the rate of not less that ^^ H^^ 

6^4. The wwmier of meteorites mas^ ^3.i-l»®*.-ftaVVy 
great ; for they W been seen from tlvf c><^*"'*?eV^ 
i" -^^' inh4itrquarters of the gK^^^x ^^f^^^Sd 
erarersingr the heavens, and those wli»<^^^<^i nftSS^i 
flojced are probSronly ^ P^^t of the ^f ""j, ^^^ Ja v*^ 
(ha( have visited the earth. Many i»"^j- c^rosseo^^^ 



uaseen ove r the broad expanse of ocean^^^jVjj^,,^,.^,^^-^^^^ 
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tracts of uninhabited lands, leaving no trac^ of their 
existence, except those masses of meteoric iron, which 
from time to time are brought to Ught. If therefore the 
lunar theory is adopted, we can scarcely avoid the con- 
clusion, that the moon has been ejecting for ages, so 
tnany^ and such vast masses of matter, as must have 
sensibly diminished her bulk, and occasioned derange- 
ments in her system — results at variance with all obser- 
vations. 

525. Fourth Hypothesis. The fourth hypothesis, 
which is that of President Clap, of Yale College, affords a 
more reasonable explanation of the phenomena of these 
extraordinary bodies than any of the preceding. Under 
this view the earth is supposed to possess a system of com- 
ets like the sun. The solar comets revolve about their 
primary in very extended orbits; at one part of the 
course approaching so near the sun as almost to strike 
its surface, and during the remainder, sweeping far out 
of sight beyond the path of the planets, continuing 
invisible for t/ears and even ages. In like manner me- 
teorites are supposed ,to revolve about the earth ; their 
size and peiiods of revolution being proportioned to the 
smallness of their primary. Moving also in very ellip- 
tical or oval orbits, they are too distant to be visible 
during the greater part of their course, but at one point 
of their path approach very close to the earth, and enter 
its atmosphere. 

On account of the immense velocity of the meteorite, 
the air is imagined to be condensed before it to such a 
degree, that heat is evolved of sufficient intensity to 
inflame the mass at its surface, while during this com- 
bustion gases are generated, which by their expansive 
energy, produce explosions. By the strength of this dis- 
ruptive force, glowing fragments are detached frorr. the 
surface and fall to the ground, while the meteorite itself 
passes onward on its course. 

526. It has been calculated, that the velocity of,^ip 



§^y im\-sr"ig about the earth must Dot b^ / . 
f "0 mftes V'e'^ mmute, nor greater than 420 ™* *''^° 
;K ^^^?'*C0 "liles, the mafs would/a// t^Je erTb. 
^e actioa of gravity; and if the rate exceeded 4:^ 

tho !^* • ^"5»« 'hese hmitg, aUowance beinff made for 

of 11^^^°" u ^^^'^ '° '*^ °'*''' ^"'^ ^''« resistance 

tlj "® air, the body would revolve around the earth like 

period^"^' *PP™^"^^"^? very near to its surface at stated 

veW?; ^^^"PPort of this hypothesis it is urged, that the 
300^=^ oieteorites, in general, is somewhat more than 
curred i Pf^'nite, though doubtless cases have oc- 

TM*. I v'**^" 'heir speed was far greater. 
of a co„^°™*'"f^»°« «f the meteorite, through the agency 
^or'hSr.^ -'T^^?^-' if.by ni means "JP-J^I^ 
rarefied Z . medium in which it moves is ^'^^^^ . |nd 
it cfn 1/?.' the velocity of the body is amaz^«|^ ^^ 
oonSenslTJy ^^ '^°'''' ^^ calculatbn, ^^te^'^^'t^ 
^e <ievefn°'i *^"« «ff«*^^«^' ^« intensity of ^^fj^. {h-rx.. 
561.) mP^^ of which we have no concepw^J^ssa ^'^^ 
ioond in ^^?^®''' as ^*ca, magnesia, ao^ ^ tVia^ "^fj. 
™«J^o'%iiStK °'"".^' 't has been conjectui'^^^e rriet^^ 
and, that x^Y^ ®^'st there m the state of ^r^ttxvos?^f ^i 
combustion • ''^® meteorite enters our f* sLfRo^*"^ 
*ese sub<?*s. ^"^®'^ ^'■°'" ^'^^ extraordinary ^ 

la those 7^^^ *''■ o^y^r- ly^^^" P 8«r 

greater ra»^ instances where naeteotites . _y- a^® "Jw 
posed eithe? t„^° f » "?"*" IJ^*^ ""n«te, *^ JL tbeeaj ^^ 
occasional K^ revolve about the sun, and '^:XVress, o\ -,, 
wa«deAh"jJ?««ts them in- her annual H^gfi *^^ 'S' 
"or attrac^?"^** «Pace, until they come Wi^*^* ^v^ett «^o' 
Pe«ed to rei^ °^' ^°™® .*'*^*'®'' *^''^' and ^"^^ 

*^^AVe Arniinrl it. "^ 



'evolve around it. 

■ ______ ____-— -^ . „ftDO'»* 

What calculatio^! "^TI. t-^^^^^^^ 

"dearth ? "»s been made in respect to a body . , «OOlp' 

igi ize y g 
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528. Fifth Hypothesis. The last hypothesis is that 
of Chaldni, and is explained in Art. 555. In this the 
ignition and explosion of the meteorite are attributed 
to precisely the same causes as those assigned in the 
fourth hypothesis. 



CHAPTER 11. 

OF SHOOTINa-STARS AND BIETEORIC SHOWERS. 

529. Shooting-stars or meteors differ from meteorites 
in several particulars. They commonly possess a supe- 
rior velocity, and their altitude is generally greater : 
bursting from the clear sky, they dart along the heaven 
like a rocket, constiming themselves in their course^ and 
leaving behind a luminous train, which gradually van- 
ishes in a short time. Unlike the meteorite they usually 
pass away without any explosion^ and no portion of the 
body ever reaches the earth. Besides, they are far more 
numerous smA frequent ; appearing almost every night, 
and at times descending in such multitudes that the heav- 
ens are illumined /or hours with their glowing trains. 

530. Altitude. In order to investigate the phenom- 
ena of shooting-stars, Brandes and Benzenberg, two 
German philosophers, made a series of simultaneous 
observations in the fall of the year 1798. On six even- 
ings, between September and November, 402 shooting- 
stars were beheld, and of these twenty-two were so 
identified, that their altitudes, at the moment of their 
extinction, could be readily computed. They were found 
to be as follows : 

7 disappeared at altitudes under 45 miles. 

9 " " between 45 and 90 miles. 

6 " " above 90 miles. 

Of what does chapter second treat? ( OOQIp 

In what particulars do shooting-stars and meteors difltS- &om weleottite^ 
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SH6oTiNcf-STABS. 

The\eas* ^^^ greatest elevations were six n 
one /iMndre<5^ and forty. 

531. ift 1823, the investigation was rene' 
Brandes, at Bieslau and the neighboring town 
more extended scale. Between April and Octobe 
shooting-slars were seen at the different stations 
of this number, 98 were observed simidtaneoi 
nacre than one station, and afforded the means t 
niating their respective altitudes. The results v 
follows : 

4 disappeared at altitudes under 15 miles. 

\^ " « between i<^ ^^^ f^ 

« u 70 

" a6oi?e 90 

«/-Pj^' °^ ***« last eleven, two vanished at ao * 
Of 140 miles, a third at 220 miles, Sif mirth ^^ 

*"-i^->f'4 at 460 miles. . ^ . \ 

X be height of/owr shooting-stars notice^ g 
sors lioomis and Twining, in December j *■ 

«Q c,'?'"^^ to 94. S^ 

on ftf inl?**^^'" observations were made in *^g 
on the 10th of August, 1838, by WartroaO^g,*. ^"•'^^<t» 
,„n ''^ '**« «bserlers stationed themselvc^ gis:iV^^^ea 
^n fh^ ^««V^* Planchettes, a viUage abo^**- ^^ of ^ e- 
10 the north-east of that city. In the sP^^x ^^jf ^V 
hours and a half, 381 shooting-stars were tfol»^''''re oa^*' 
va,and 2n five hours and a half 104 at Pl^'^^Nv-^^^.eA »^ 
t^e circumstances attending their appeara»^,^p^^« 
Sa"°'!,*^' ^'^^ their average height was «^ ^ 

533. Velocity In the first series of "^ ^^Z-needi 
made by Brandes and Benzenberg, only *^^e>i^ f£ ^X^^ 
stars afforded ♦!.„ _ ._^ «f HfttArmininff ^'^ .-'.»*«*^^' 



afforded the means of determining *^^«;r* 
one possessed a ^«i_-:.„ «f 1500 -miles ver '^' 
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that of the other was between 1020 and 1260 miles per 
minute. 

In the second series, undertaken in 1823, the estimat- 
ed rate of motion varied between 1080 and 2160 miles 
per minute. At Belgium, in 1824, M. duetelet obtain- 
ed observations upon six of these singular bodies, from 
which he was enabled to deduce their respective veloci- 
ties, which were found to range from 600 to 1500 miles 
per minute. 

534. Course. Of thirty-six stars, whose paths were 
ascertained by Brandes, the motion in twenty-six cases 
was downward^ in one horizontal^ and in the remaining 
nine, more or less upward ; nor did they always move 
in straight lines ; for the paths of some were curved. 
either upwards or sideways ; while others proceeded in 
a serpentine course. Their general direction was from 
north-east to south-west. Several examples have been 
given by Chaldni, where the luminous body described a 
semicircle, first rising and then falling. 

535. Magnitude. The size of shooting-stars is va- 
riable. Fire-balls, which are regarded as nothing more 
than large meteors, have sometimes appeared of a 
magnitude almost incredible. During the remarkable 
shower of meteors, on the 12th and 13th of November, 
1833, luminous globes, apparently as large as Jupiter 
and Venus, were seen darting through the air in all 
directions. About three o'clock on the morning of the 
13th, a splendid body which appeared equal in size to 
the full moon, swept across the heaven from east to west. 
If the distance of this meteor was only eleven miles, its 
diameter must have been 528 feet, or one te7ith of a 
mile. Amid the shower of stars that occurred in 1799, 
meteors were observed by Humboldt, apparently twice 
the size of the moon. 

536. On the evening of the 18th of May, 1833, a 
meteor of extraordinary magnitude passed over the 

ligitiToHhyC -fOOOlP 

What is said resDectina the course of shooting-stai-s 1 
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Northern States and a part of Canada. From the facts 
^hich he collected, Prof. Loomis estimated its diame- 
ter at 1320 yards, or three quarters of a mile. Its velo- 
city was computed by this gentleman to be nearly 2100 
miles a minute, its height to be 30 miles, and the 
length of its path 200 miles. The meteor was followed 
by a train of inconsiderable extent, probably formed 
of the detached portions of the body which fell be- 
hind. 

537. Splendor. At times these luminous bodies 

present a spectacle of surpassing beauty, froin their 

brilliant coruscatums, extended trains, and rich diyarsuy 

f colors. During the month of April, 1832, a globular 

ball of fire, apparently a. foot in diameter, passed over 

Torhut, in India, early in the morning. Behind u 

streamed a train of dazzling ligb^ which appeared to ne 

several yards in length. The meteor illu»^'*^*/Ir 

surrounding country to a great distance, and ^^^^J~\ 

mammg visible for the spice of five seconds, exploa^ 

vnthmit noise, like a rocket, throwing out uumeious 

coruscations of intense splendor. a 

In May of the same year, and at the same place^ 
similar body was seen moving rapidly through the air 
fmm north to south. It glowed with a brilliant '^«™'; 
of green and blue light, and vanished in about twe» 
seconds, leaving a luminous train of great lengthy 

^^J-^SroJd^ ^e^%Kt, and another sparkUdwU^ 
f^^en and blue. Meteors eittirely green *^a^«^^\4toa, 
been noticed. A m-fpn, which swept over K-®'*®™?^ ' 

«ea, London, in S a^ t»rill^^"t ^' ^^P^'^^bSfaS 
parently of greate, size presented the rare combmaiioft 
of white light in the mass with one edge red and the 

"'*?Slf ^o1^T.*^-.-iT^/h of Nove„,ber, l^^a.gk 
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scending towards the earth with majestic rapidity. Its 
apparent size was one<fifth that of the moon, and its 
volar a deep red. It vanished when near the ground, 
leaving benind a fiery train of the same hue, excepting 
that it displayed the prismatic tints, especially at the 
point where the meteor expired, 

8S9i The usual color of meteors is that of a pAo^pAo- 
ric white tinged with red. The trains generally vanish 
in a few seconds, but they have been known to last for 
the space of ^cvcn minutes, and even Jifteen. Their 
light (as we have just seen) is not invariably of one hue, 
for at times it presents to tne eye all the rich tints of the 
rambow. 

METEOAIO SHOWERS. 

540. The wondrous display of meteors in 1833, drew 
the attention of philosophers to the subject of shooting 
stars, and, from the results of subsequent researches and 
observations, there is now reason to believe, that certain 
epochs exist when these luminous bodies appear in greater 
numbers than usual, and that sometimes at the return 
of these periods they literally descend to the earth in 
showers. The best ascertained periods are those of the 
12th and 13th of November, and the 9th and 10th of 
August. 

541. November Epoch. On the morning of the 
12th of November, 1799, an extraordinary display of thie 
nature was seen by Humboldt and Bonpland, at Cuma- 
na, in South America. During the space of four hours 
the sky was illumined with thousands of shooting-stars, 
mingled with meteors of vast magnitude. This phe- 
nomenon was not confined to Gumana, but extended 
from Brazil to Greenland, and as far east as Weimar, in 
Germany. 

On the 13th of the same month, in 1831, a meteoric 
"h:":" ::":.:::! :/. '^^'i, :_1 „l ::,.- Carthap-ena. off 
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<f?v nf^.r^^i? ^'"- "-^^ 'P*'^^ o[ star minutes. ' Oa,h'^ '^• 

appeared lA^l- ^'^^ ^*™« brilliant spectacie then 
"WineVL "T P^.""°f England; the sky being 
sands of J?" ^f^''' midnight by the rushing of thoi? 

542 R . ri'" ^^^^3^ direction. 
kind oV^.r y ^"^ ^^^ ™°st magnificent display of this 
the l^th |^x?° *« oJgh' of the 12th and morning of 
noith^ 1^, November, 1833. It extended from the 
W- LoS f^^\*° '*»« «°"t»> of Jamaica, and from 61° 
the Pacffi. *^* Atlantic to about 150° W. Long, on 
^^ven ho,jL *?®^° °«a' the equator. For the space ot 
«'itra7EL^'-«™ 9 P. M. to 4 A. M., the heavens blazed 
'"« coumiess n'^^i^'^'^^'Seof 6^ meteors, that burst 
«hey apne^f^S^^hers fiom the cloudl^s sky- "^Ljough 
«hea,v"£^'«^^ ^ thick, as snow-flakes falling !,^e\ve« '. 
and it' reau/5^ ^°*^ ^« ''"H'^'^' ^« ^^^ stars tbem^ 
these ceiestia IK no^«vi<* imagination to sUpV ^o^avda 
toe earth. * "bodies were then actua:llyrus»*'^^ 

Bfeemed to hi^J'^^- The luminous bodies of ^"^Atst ^°!^', 
eisted of AwJl'^^'^'^^J i"*° '*^«« kinds. T**?^ as^^Vl 
a point. T'l^ ^*"^ traced throuffh the ^^Ja-siotv*^ ? 
'Parted across ?u^«?o»<i of ^ery ftai^ that ^^ exteaj" 
,^and lurni^ 'f^ heavens, trailing behind ^^^fSoeA ^}S^. 
We/ormarTv °^^ ^'^'"^^ "^^^"^^ generally 001*^*^^^68,1^*1 
<:on««Merf ^w^^'^tites. The third of rodia/^^ t^e* litne. 

544. JM[e?i!!^°*^ immovable for a consider^-^^ iti g^^^. 
al>vmdance a® ^'f the ^r*< class occuri'^** l,tiey ^®5f 
seenshootiiio-^J ^"''"» Town, Pennsylvaxii^' .^l^e ^®^^^a 
"yof%htni« ^^^^SlUce streams of fire vfi^y\^^ lieave* 
in 'ess than =r^ ' *'ften crossing half the vis*"^ , 
At Nevir^**®*^ond. ^»^.lock, " 
"leteor of th« ***"k, about a. quarter past fi"*^^ -f; 
—____^_^«cond c/a*.» was beheld ruslii**^ 



222 LX7MIN0US PHENOMENA. 

zenith, and marking its course by b. fiery line apparently 
two or three inches wide. After passing downward to 
a considerable distance, it formed into a hall of the appa- 
rent size of a maris hat^ and then returning on its path, 
assumed a serpentine figure. It lay extended through 
the sky for the space of several minutes^ and then struck 
off to the west. 

A meteor of the third kind was visible in the north- 
east, at Poland, Ohio, for more than an hour. It first 
appeared in the form of a pruning hooky apparently 
twenty feet long, and eighteen inches broad, and shone 
with great splendor. At Niagara Falls, at two o'clock 
in the morning, an extended luminous body like a square 
table was noticed in the zenith. It remained for a time 
nearly stationary, sending out on every side broad streams 
of liffht. 

545. It was distinctly noticed by many attentive and 
accurate observers, that all the meteors appeared to 
emanate from a certain region, situated in the constella- 
tion Leo ; and that during the whole display this point 
was staiixmary am>ong the stars for more than two 
hours ; thus proving, that the source of the meteoric 
shower was beyond the atmosphere of the earth ; for had 
it been within, it must have moved eastward, in the 
direction of the earth's daily motion. 

546. For four successive years, after the great No- 
vember shower of 1833, an unusual number of meteors 
was observed in America at this period. The phenome- 
non ceased, upon this continent, in 1838 ; but an extra- 
ordinary display then occurred at Vienna, more than a 
thmisand meteors falling in the course of six hours. 

547. August Epoch. The second meteoric period 
occurs on the 9th and 10th of August. It was first dis- 
tinctly announced in 1827 by Thomas Foster of London, 

What fact was distinctly noticed by attentive observers 1 

Where is this point situated 7 Digitized by CnOOglC 
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^a Us-Eno^^clopedia of Natural Phenomena, the num. 
^ei' oe Hvel^fO'^9 observed at this epoch is probably five or 
?ix times cxiore than the usual niglitly average, which 
nas been estimated by Mr. E. C. Herricfc, of New Haven, 
^t not move than thirty per hour /or four observers. 

548. From 1836 to the present year, scarcely a season 
lias passed without an unusual display of meteors at this 
period, in some quarter of the globe. 

On the 9th of August, 1839, four observers at JNew 
Haven beheld 691 shooting-stars in the course oinv^ 
hours, a third part surpassing in brightness stars oi^^^^ 
J^rst magnitude. On the ensuing night, 491 wei ^^ 
lu the space of three hours, by the same numoei ^^^^ 
servers; and at Vienna in Austria, during " ^ty 
evening, shooting-stars descended at the la^'' 
per /tour. " feU »*• 

Upon the annual return in 1842, 490 »»®^^%,ete ^^f^ 
Parma in Italy, and 779 at Vienna. Maoy ^^e sV^";^ 
wise seen at Bnissels. At New HaveD, ^y^ eq^^*^**" 
or ftfty minutes, 89 were seen, one of ^^ _,„ott 

Jupiter in splendor ^eve »*TtxDO 

In 1847, at Manlius, N. Y., 415 meteors ;?^^vse oJ^^^V: 
the morning of the 11th of August in the «^ ^.t- ^ °%,eve 
Aours, commencing at midnight and endiaf^et-eo^^^.^id * 
t,^' .^^ '^« 10th of August, 1848, 47^ '^^t*^^ Jvev^- 
T/^ K^* ,^«^ Haven, in the space of t^o^^. o^^^ ftvst 
f^f, by M... E. c. Herrick and three otb J^^^ ^^^,,^or 
Manyof them exceeded in brilliancy stai^^ 4. e^o of 
magnitude. !„ p^^^^ „„ the same night, ^ "^ pet^^ 
stars vvere beheld by two observers, withH^ ^^s'^ 

549. Like thi mSs of November, tbo^^ *Vx" S\w« 
appear also to radiate froiw a smaU space * ..v-^*" 
ens, «^hich has been referred, by all obs^* ^o^^ 

constellation Perseus. A ^^ ^ 

dnooting-atens have likewise been foun*-' 

What i« said in regard to the recurrence of this shower 1 digitized byC^OOglC 
State Tacts. ^9 
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than usually abundant on the 18th of October, the 6th 
and 7th of December, the 2d of January, the 20th of 
April, and from the 15th to the 20th of June. 

650. Origin. Prof. Olmsted, who was the first to 
present his views upon the extraordinai*y phenomenon, 
which occurred on the 12th of November, 1833, has ar- 
rived at the following conclusions from a very extensive 
examination of facts. 

That the source of the meteors is a body possibly of 
^reat extent, composed of matter exceedingly rare like 
the tail of a comet. That it revolves about the sun 
within the orbit of the earth, its period of revolution be- 
ing probably a little less time than a year, 

Tnat in consequence of its proximity on the night in 
question, the extreme parts of the body were detached 
and drawn towards our globe, by \he force of gravity. 

That its altitude above the surface of the earth, a-t its 
nearest point, was about 2238 miles ; and that the de- 
scending fragments entered the atmosphere with a velo- 
city ranging from about fourteen to twenty miles per 
sevond. 

That these fragments were combtistible, and in conse- 
quence of their amazing velocity, the air was so power- 
fully compressed before them, that they took Jire, and 
were consumed before reaching the earth. 

551, This last conclusion will appear by no means 
incredible, when the following considerations are taken 
into view. 

By suddenly forcing down a solid piston to the bottom 
of a cylinder, in which it moves air-tight, sufficient heat 
can be evolved to ignite tinder; and this occurs, when 
the air within the cylinder is compressed to one-Jifth of 
its original volume. Upon the supposition, that the de- 
scending fragments compressed the rarefied atmosphere 
at the height of 35 miles only to the density of common 
air, the amount of heat developed would be 46,080^^ 

What is said of other periods 7 Digitized by CjOOQ IC 

' '' "t^rof. Olmsted's theory. ^ 



■Pah.', an intensity nearly .-Arec ^»«»«* greater than the 
highest \&raftt^\\xxt of a glass-houae furnace, which is 

652. If the nehvloUs body revolves about the sun in 
a period somewhat leas than a year, it tends to explain 
the occurrence of shootiog*8tars at all seasons (since the 
earth and the nebulous body virould then be always^com- 
paratively near each other), and will also favor the ex- 
planation of the meteoric showers which have bappeneu 
towards the end of April. ^ iVoin the 

553. Prof. Olmsted has been led to suppose, t»^^^^- 
whole course of his observations, that the '?«^7, ^^al with 
in which the meteors originated, might be Wf' ^ ^y M- 
the zodiacal light. In a late article P"*'"i„\ain9. that 
Blot, this distinguished philosopher also »»^^^iacal UgV»^ 
meteoric showers are occasioned by the ^i" , ^^e of w® 
coming m periodic contact with the atmo^V 
earth. 'eO^^*^^** ^ 

It is not regarded bv Prof- Olmsted as e^f .eov« ^^°'^ 
truth of hi« Sry, t^hat a shower of "»«*'*' . -en- 
^•^^"^"pon the 13th of every November ^ -ta^s wltVV 
554. In order to account for ahootioS' ti't^^^Kef* 
eial, including alike their ordinary and ^. g, Va» ^^i- 

W^^fi.^"** embracing the several epo^'^a *>^^ 

of Chaldni have been adopted by Aiago ^^ -^^^ 

nent philosophers ^oO^f^H 

555. Chaldni's Theory. This thfory^^ ,*'i,vIV>^^^ 

supposmgr, that, besides the planets, m*//*^ ^.*ll aWO^n 

W«e* are constantly revolving about ^^^tvi^y^evve*?; 

become ig;nited when they enter the ^^^)%r'<^''^iff^^}l 

phere. They are not considered to be u^J yye> JZCi^S^'' 

throug-hout space- but i» some regions ^V^ v^ , ^i>> 

scattered, and in others grouped together * ^t^^ * 

tudes, forming^ xmies or rings around trt" . t\R'^^ 

of which cross the path of the earth. ^jjO-^*' 

The ordinary nightly phenomenon oi ="■ 



digitized by i^t^OQTE 



826 LUMINOUS PHENOMENA. 

is then imagined to arise, when the earth, in her pro- 
gress through the heavens, traverses those regions which 
contain only difew of these bodies ; but when the zones 
are encountered, and the globe passes amid countless 
numbers, the display is proportionally greater, and the 
meteors occasionally descend in magnificent showers. 
Amid this vast collection solid masses of considerable 
size are supposed to exist, and should one of these enter 
the atmosphere of the earth, a meteorite with all its 
splendors sweeps across the sky. 

Such at present is the general state of our knowledge 
in regard to shooting-stars. 



CHAPTER III 

OF TH£ AtTRORA BOREALIS OR NORTHERN LIGHT. 

656. The Aurora Borealis is a luminous appearance 
in the northern sky, which presents, when in full dis- 

Elay, a spectacle of surpassing splendor and beauty. It 
as in all ages been an object of wonder and mystery, 
and still continues so; for although many valuable facts 
have been brought to Hght by the investigations of 
science, the cause of this brilliant phenomenon is yet in- 
volved in obscurity. 

557. Constitution. Notwithstanding its fantastic 
motions, and momentary changes in brightness and 
color, the aurora, according to the best observations, 
still preserves, amid all its fluctuations, certain invaria- 
ble characteristics of form and position. It consists of 
a dark segment^ an arch of lights luminous streairters^ 
and a corona or crown. 

558. Dark^ Segment. All observers in the high 
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^viTora appears, the sky in the northern horizon assumes 
^ darkish hue, which gradually deepens, until a circular 
segment is formed, bordered by an arch of light, extend- 
ing from east to west. The segment presents the ap- 
pearance of a cloud, its tint is light in the lower lati- 
tudes, and grows darker as we advance to the north, up to 
a certain limit ; after this the reverse occurs, and when 
high latitudes are attained it becomes so faint as to be 
scarcely visible. At Upsal and Christiana it is some- 
times black or of a deep sray, which changes into a 
violet, f & if^ 

During a splendid aurora, that occurred at Toronto in 
Dec. 1835, and which is described by Capt. Bonnycastle, 
a dark, black changing mass, was visible below the iu- 
mmous arch, (fig. 42,) and in a remarkable phase ot tne 
aurora, when several bright bows were seen at once, 
the interval between the second and third assumea a 
blackness of the deepest intensity. 

Fig. 422. 



AURORA SSK3* AT x«»^. 



AURORA »«»—*' — , 



228 LUMINOUS PHENOMENA. 

ness is simply the effect of contrast with the luminous 
arch ; while, from equally extensive researches at Abo 
in Finland, Argelander concludes, that the segment is 
something real ; since *the portion of the sky, it occupies, 
is darker than common, before the bright bow of the 
aurora appears. 

560. Arch op Light. The dark segment is bounded 
by a luminous arch or bow, varying in width from one to 
three apparent diameters of the moon. Its lower edge 
is clearly defined, but the upper is only so when the 
arch is narrow, for as the width increases, it gradually 
blends with the brightness of the sky. The color of 
the bow is a pale white, which becomes more pure and 
brilliant near the polar regions. 

According to the most accurate observations, this arch 
has a tendency to place itself at right angles to the 
m^netic meridian, or in other words, to the direction 
of a compass-needle at rest. (C. 985.) This fact was 
particularly noticed by Lieutenant Hood, who accom- 
panied Franklin in his northern expedition in 1819, 

561. The centre ^f the auroral arch probably coin- 
cides with the north magnetic pole of the earth, which 
is situated in 70^ N. Lat. In our own country, the com- 
pass-needle points to the north, and the arch crosses the 
lieavens from ea^t to west ; but in some parts of Green- 
laud, the needle is directed to the west, and the arch is 
then seen extending from north to south. 

In the year 1838, when Simpson wintered at Fort 
Confidence, in 66° 54' N. Lat., he found the needle 
always pointing to the north-east, and the auroral arches 
invariably spanning the heavens at right angles, from 
itorth-west to south-east. 

At Melville Isle, in 74° 30' N.. Lat, the luminous 
arches were seen by Parry in the south; the north 
magnetic pole of the earth being then in that direction. 

562. This beautiful bow of light is not stationary, 
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l>ut frequently rises and falls; and when the aurora ap- 
pears in great splendor, several arches are seen at the 
same time crossing the sky, ascending gradually from 
the horizon to the zenith, and passing over in succession 
With their summits moving in or parallel to the magnetic 
ttieridian; presenting to the eye broad belts of light, 
increasing in brightness as they approach the zenith. 

563. No less than jit?e such arches were seen at once 
by Lieut. Hood ; but similar phenomena, of far greater 
beauty, were witnessed by M. Lottin at Bossekop, in 
West Finmark, during the winter of 1838-9. (Figs. 
4J. 44.-"^ 



43, 44.) 

Fig. 43. 



AVBOBA SBBM AT fiOSSBROP. 

Fig. 44. 
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On one cK/casion, as many as nine aurorai afckes 
were visible, separated by distincJt intervals, and in their 
arrangement resembling magnificent curtains of ii^ht, 
hung one behind and below the other, their daz:2ling 
folds extending completely across the sky. 

564. Streamers. Although the luminous arch pre- 
serves, in the main, its curved form, it is subject to con- 
stant changes. Now alt one extremity, now at the other, 
and again at intermediate points, a cloud of hght will 
break suddenly forth, separating into rays which stream 
upward like tongfues of fire, jnoving at the same time 
backwards and forwards, along the auroral bow. 

The origin of the streamers is in the luminous arch, 
from which they rise in the form of tapering rays or 
pencils of light, ever in motion, and continually varying 
m brilliancy, number, magnitude, and color. At one 
moment, a ray is just visible above the arch, faintly 
glowing in the sky ; at the next it is seen shooting up- 
ward in a pyramid of flame and at the same time moving 
majestically across the heavens. As suddenly its bright- 
ness fades, and as quickly it is again beheld, flashing 
forth with renewed splendor. 

565. Color. During the extraordinary displays of 
the aurora in our own latitude, the sky is frequently 
seen suflfused with a flush of rosy light, while the 
streamers assume a crimson hue. In that which oc- 
curred on the night of the 14th of November. 1837, 
the upper extremities of the streamers were of the deep- 
est scarlet, while below they were brilliantly white. But 
the richest tints appear in the arctic regions. In the 
auroras witnessed at Bossekop, the rays, at their base, 
glowed with a blood-red hue, the middle was of an entr 
erald greeii, and the rest of a pure transparent yeUow. 
During a brilliant display that occurred at ^ort Con- 
fidence, on the 5th of March, 1839, the rays were tinged 
with red, purple, and green. i ^^^\^ 
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CORONA* 

^orlh from the luminous arch not ^infrequently 
^. point near the zenith; forming a brilliant 
liglu which is called the corona or crown. Th 
^lien appears in its greatest splendor ; the sky n 
a fiery dome, and over the streamers, which se 
pillars of variegated flame supporting the corona, 
waves and flashes of light pass in quick successio 
luminous columns at this time are apparently 
and wave with a tremulous motion ; whence th 
received, under these circumstances, the name c 
dancers. 

At Bossekop, this radiant wave was seen b^ 
crossing and re-crossing with rapid undulati 
whole broad field of auroral light. These con 
^^® jrenerally attended with color. 

567. When, in the northern hemisphere, a 
delicately balanced upon a horizontal axis, 
end immediately dips downward upon its being 
^^^^ Such an instrument is called the dipp'^i 
(O. 998.) The streamers of the aurora assume 
direction as the dipping-needle, and are />«^^^ 
other ; hence the corona is not formed by 3 
union of the streamers near the zenith- *^ * 
l^.^^^^^^^ illusion. When we look across ai 
held of corn, the rows, at their remote ends,} 
proach each other, as if converging to » po^^ 
we know that they are three or four feet apa 
out their whole distance- In like iT^af^nj 
gaze at the auroral ^^reamer^ with tb^ir V"\^;\\\ti\^^® 
horizon and their summits at the zenith, ^-^^^^mms; <^^ 
manner apparently converge to one P^^'^^*'.' "inff-tveeAVe- 
corpna, whose centre is in the line of the ^^PP") fue s^i^^ 




Describe the corona. °'^' '"^"^ by (^OOg IC 

When does it appear 7 
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latter, their line of direction is parallel to that of the 
dipping-needle. 

569. Extent. The aurora is not a local appearance, 
for it is beheld simultaneously in places widely separa- 
ted from each other. Thus, on the 6th of January, 
1769, the same aurora was seen in Prance and Pennsyl- 
vania ; and a magnificent display occurred on the 7th 
of January, 1831, which was visible at Lake Erie, and 
throughout northern and central Europe. Another 
aurora, that happened on the 3d of September, 1839, 
was seen at the Isle of Sky, 57° 22' N. Lat., at Paris, 
New Haven, and at New Orleans. 

570. The beautiful phenomenon of the northern light 
is not confined to the northern hemisphere. An aurora 
attMralis^ or southern lights was observed by Don Ulloa, 
at Cape Horn, in 1745 ; and various displays were seen 
by Capt. Cook, in the high southern latitudes, at the 
same time that the northerji lights were visible in Eu- 
rope. 

In the late Exploring Expedition, during the southern 
cruise of the Peacock and Flying Pish, several brilliant 
auroras were seen, which are thus recorded. On 
the 18th of March, 1839, there was " a beautiful display 
of the aurora australis, extending from S. S. W. to the 
east ; the rays were of many colors^ radiating towards 
the zenith and reaching an altitude of 30°. On the 
19th, in about 68° S. Lat., another display was wit- 
nessed which exhibited a peculiar effect. In the south- 
ern quarter of the heavens there was the appearance of 
a dense cloudy resembling a shadow cast upon the sky, 
and forming an arch about 10° in altitude. Above this 
were seen coruscations of light, rendering all objects 
around the ship visible. From behind this cloud, diverg- 
ing rays frequently sliot up to an altitude of froin 25^ to 
45^. These appearances continued until the day 
dawned." 
— — ^^ttradisy 'Li O O^lC 

Whnt in nniH nT thn f>ytpnt nf t\\o niifiim 1 



HEIGHT. 

571. t^EiGHT. The height of the 
^^^.nousVyr estimated. The earlier philos. 
Jt^s a\i\i\iiie at several hundred miles; bi 
"ttiit is assigned by later observers. A 
appeared in March, 1826, at different pla 
^as calculated by Dr. Dalton to be 1 
Observations for determining- the elevati 
«id aurora of January 7th, 1831, were m 
and Hansteen, but their computed heigi 
^'^ miles to 120. 

In the brilliant display that happens 
^ November, 1837, the estimated altit 
™we discrepant, varying from one ti 

fU ^^,''3^ distinct auroral arch was seen 
^nroug-hout the Northern and Middle i 
^n O'clock on the night of the 7th 
^'om the observations taken by Mr. I 
O.^'^^^^ven, Ct., and Dr. P. W. EUsWC 
I.., tfte height was computed by the ft 
oW . "'?^ to be 07ie hundred and te 
Stan ^^^^^^9 having been made under 
dnces, and bein^ accordant with ea< 
Th ^I^^i^led to|reat confidence. 
wavtf, ^^M^^ of the northern lights : 
ntfnl ^^ ^3.8 been already described ; 
mature and varying form, thattwc 



arif^*K '^^'ghlofthe same part of the ^^j^e eai 
nome^aT ^i^^^^'^an' calculations upocx _ ^^^ t^^ 



,V>' 



572 There is every reason for beli^^-tH, 
Shin . l'^*" '■« at """^^ "i^^y '^««'" '^^ • ^ Vft"^^' nO<* 

ser^«".""^ the poL- expedition of Frantc>*^krdsoO' f.ol^ 
«"vatioos were taken by Hood and I^»^^ cJistaO^^eJ^ 
tr^n^»*^»-««, at sfations%ighteen lea^!^'^t>t^i'^i!f>-^'!^ 



found f^^*' ^»»d the heights which they^^il« ^^ 
lound to vary from siar to seveti miles ; ^^_^ CTn"***^ 
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beheld by Farquharson, of Scotland, was computed to be 
as low as 4300 feet. Franklin thus remarks : " The fact 
that the aurora exists at a less height than that of dense 
clouds, was evinced at Fort Enterprise, on two or three 
occasions, dnring the night of the 13ih of February, 1821, 
and particularly about midnight, when a brilliant mass 
of light, variegated with the prismatic colors, passed 
between a uniformiy steady, dense cloud and the earth. 
In its progress, that portion of the cloud which the 
stream of light covered was completely concealed until 
the coruscation had passed over it, when it appeared as 
before." 

673. A similar, but more extraordinary phenomenon, 
which occurred during his third Arctic voyage, is thus 
related by Capt. Parry. " While Lieutenants Sherer, 
Ross, and myself were admiring the extreme beauty of 
the northern lights, we all simultaneously uttered an 
exclamation of surprise, at seeing a bright ray of tJie 
aurora shoot suddenly downward from the general mass 
of Ught, and between us and the land, which was there 
distant only three thousand yards, I have no doubt, 
that the ray of light actually passed within that dis 
tance of us." 

574. Sounds attending the Aurora. It has 
been asserted, that the aurora is sometimes accompanied 
by a noise like the rustling of silk, or the sound of a 
fire when excited by the wind ; but much difference of 
opinion has arisen upon this point. Those who are 
incredulous in this particular, affirm that the noise in 
question may be nothing more than the murmur of the 
ocean, or of the forest ; the rustling of the snow as it is 
driven by the wind, or the crackling sound that arises 
from its freezing ; all which, it is said, might be easily 
attributed to the aurora, when the mind is excited by 
the wondrous spectacle, and susceptible to every illusion 
i — the splendors that burst upon the sight, and the sounds 
which strike the ear being then r^^^^iAed j.t(^^jL^e(j|^i^Q[^ 
origin. ^ ^^ ^ ^ 



AURORAL SOUNDS, ^^ 



575. iScoresby, Richardson, Franklin, Parry and Hood. 
during -t-hen" Polar expeditions, nc»er heard any sound 
/which tliey considered as proceeding undeniably from 
the northern lights, though hissing noises were heard 
during the auroral displays which were attributed by 
them to one or more of the preceding causes. These 
observers do not, however, deny, that at times audible 
sounds proceed from the aurora, and even express such 
a belief, founded upon the concurrent testimony oi tne 
natives ofthe arctic climes. , . o:u^,ia and 

576. Credible observers in Iceland, «'f f."*'unds ; 
Scandinavia, have never heard these sii^SV'^ific expe- 
nor were they perceived by the French 8<^^SS_39 -, but 
oition, which wintered at Bossekop, Jo ^l.;steocefvoro 
liansteen claims to have established t"®*' i:r:.n latitudes. 
a series of observations in the high »of.*ftnbt9 t^ottH- 
'Jpon this subject, Simpson thus remarKS j^arota see 
ern D,scoverie^when speaking of abnlU*^ ,^e 5tfe «^, 
°y hjs attendant, at Fort Confidence, ° ceoA *^g ^^ 
■^arch, 1839, "The aurora seemed to 5" 9e«**^^^\veO^ 
scend, accompanied by an avdible sourt^ -m-i»«''^*^*UA ^^^ 

rustling- «f „:u. mUia laatArl oK«„t tCf^ ' ,«yA9i * .A\V>V€ 



\ 
\ 
\ 



3t/ing. of silk. This lasted about t^^,^^9^i>^X cteAtV>^® 
the whole phenomenon suddenly rose UP atv&^ ^^ ^ 
spiendor was gone. Ritch is an intelU^^e »*^T oi ^t 
person, and on questioning him closely' ^o^^e bre**!X'. 
that he had perfectly distinguished tl^Jf^ ^/^So^ *^^t. 
ZTu ^''""'^ 'h^t Prod"*^^^ by^the/re.^*^«s ^^^ a^^^y 
foi the temperature was forty-four de^' ^o^^^ . oft jX 
lean therefore no longer entertain anf i<»siste ^ ^e0 
umformly asserted by the natives, aO^ -j^^ «\ ^a,A ^-^^ 
my friend Mr. Dease, and by many of l»ot 

dents of the fur countries, though I ^^^ ^nVv^^^ 

good fortune to hear it myself." :r»<'»^'*'^ «\g^%i^ 

.57-7;. Time. The appearance of th^ ^^ ^^^e tb^^eiy 
IS not confined to a»y particular ho^.^^t^frLes >^^ ,.a^ 
fact which is fully proved by the circvir^^ pl^*"® e^ft®** 
f^. «^**2o^«y is frequently witnessed ^x^r*?^'* 
differing i^ longitude. Thus, if the 2%igffiredby^O£ 



236 LUMINOUS PHENOMENA. 

from Boston, Mass., to Berlin, in Grermany, ajid is bi;- 
held simultaneously at these cities, the difference in the 
reckoning of time will be nearly ^ve htmrs and a half 
(o* yoyj. 

678. There is much reason for believing that the aurora 
sometimes occurs during the day^ though rendered invis- 
ible by the presence of the sun. Richardson perceived 
at Bear Lake, the motion of the aurora before the entire 
disappearance of twilight, and even during the day he 
discerned douds, arranged in columns and arches, resem- 
bling those of the northern Ughts. Besides, as we shall 
show hereafter, ia briUiant display of this phenomenon 
is always accompanied by a greater or less disturbance 
of the magnetion^edle, (C. 997,) and as these disturb- 
ances take place in the day blb well as in the night, it is 
reasonable to infer that they are caused by the presence 
of an invisible aurora. 

579. PREauENCY. • This phenomenon is move fr^ 
quently seen in winter than in sum/mer ; we must not, 
however, hastily conclude from this circumstance, that 
the number of auroras during the former season is actu- 
ally greater, for the increased length of the nights du- 
ring the winter would enable us then to see more dis- 
plays of the northern light, even if the ^tm^^of its occur- 
rence were equally distributed throughout the year. 
About the period of the equinoxes they also appear to be 
more frequent. These facts are shown from the follow- 
ing table of Kaemtz, which gives the number of auroras 
that have been seen in each month. 

ITUMBSB or AV&OBA B0BJSALE8 IN EACH MONTH. 

January, 229. July, 87. 

February, 307. August, 217. 

March, 440. September, 406. 

April, 312. October, 497. 

May, 184. November, 285. 

June, 65. December, 225. ,^ t 

-^ir^itiToHhxA -f OOP IP 

Whv ia it AUDDoaad flomerimfifl in occur in th«> H av *i. 
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580. In addition ta this annual variation, there ap- 
peal's to be another which extends throug-h a consider- 
able number of years, but of which very httle is known. 
Thus, from 1707 to 1752, the northern lights became 
more and more frequent ; but after the lat-ter date, a 
period of twenty years occurred, in which they dimin- 
ished in number. 

An increase in their frequency began in 1820, and 
since that period many magnificent displays have been ' 
witnessed. 

The number observed for the last ten years, at New 
Haven, Ct., by Mr. E. C. Herrick, is shown in the fol- 
lowing table. 

Number of Auranm 

Prom May, 1838, to May, 1839, 35. 
« 1839, " 1840, 36. 



7. 
12. 
19. 
20. 

28. 



1840, « 1841, 36. 

« 1841, " 1842, 21. 

« 1842, « 1843, 7. 

« 1843, « 1844, 

« 1844, " 1845, 

« 1845, « 1846, 

« 1846, « 1847, 

« 1847, « 1848, 

-?«*^een the 12th of September, 1838, ^^'^^l^^ 
°f4Pnl, 1839,noless tha.n one hundred ^^^df y.r7tt 
distinct auror'aswere seen by the French ob^rver^^ 
Bossekop. They were m(«t frequent ^}^%^\^ 
l7tT ^^ «"»^as below the horizoa VIZ.. fomt 
17th of November to the 25th of January- l>«"?g 
night of ten weeks, sixtp-Jour auroras were visible. 

^681. DlSTCRBAIfCE OF THE MaQNETIC-NeED^B. 

Durinff the pTevaknce of the aurora, the compass-need^^ 
instead of ri^^^^l^tiordess, in ihe ^na^neUc meT^d^^ 
an, is often mu^h%<>turbed. Sometimes it is aejieci 
toward the eS?fevtrarminutes and even degrees ; 0^ 

Is there any oth** u_i_,^ «.«^fttion1 
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it is agitated, and returns either slowly or rapidly, to 
the fnoridian, which it passes at times and moves 
toward the west These deviations are as changeable 
as the phenomenon itself. When the arch is motionless 
the needle is quiet ; its disturbance commences when the 
streamers begin to play, 

582. Franklin observed at Fort Enterprise, that the 
disturbance of the needle was simultaneous with some 
change in the/orm or action of the northern lights, and 
that after being deflected it returned to its former posi- 
tion very gradually, not resuming it before the follow* 
ing m^orning, and sometimes even not before 7ioon. 
Moreover when the auroral arch was either at right 
angles to the meridian, or its western extremity north 
of west, the needle was deflected toward the west ; but 
if its western extrem/ity was south of west, the needle 
moved toward the east. 

During the aurora of November 14th, 1837, the en 
tire range of the needle at New Haven, was observed by 
Messrs. Herrick and Haile to be nearly six degrees. It 
was not until the morning of the next day, between 
seven and nine o'clock, that the needle was at rest in 
its usual position. 

683. This effect upon the magnetic needle during the 
prevalence of the northern lights, was noticed for the 
first time by Celsius and Hiorter, at Upsal, on the 1st 
of March, 1741. 

684. It is asserted by Wilke, that when the aurora 
appears in great splendor, the position of the dipping- 
needle is as variable as that of the com,pass-needle ; the 
former rising and falling with the northern crown. 

Hansteen has also observed, that the dipping-needle 
descends very much below its usual position before the 
aurora is visible ; but that after the display commences 
it begins to ri>se: and more rapidly in proportion to its 
brightness. The needle then slowly resumes its origi- 
nal position, which it frequently does notoi^toiii^iCulJDi^lglC 
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»>>'«nl,./,«r*2t<r» hare elapsed. IV,™ .„„ 

bA* ?enXhf,X"!ifpSn»£°''tl "" "•" 

na#,?l 7.U ^^"^®"' '"'O'n the preceding facts ; but the 
na^^e of that connection is still unknown. 
WouIH h * ^^^ hypotheses which have been started 
the m^;! ^^ "«P'ofitable task: but a glance at some of 
the anr^ P''°«"nent may be given. Canton supposes 
fromZ°r *° ^^ <:a..sed by the passage of electricity 
^^Sioasnf^f ^"^Sative clouds, in The upper and rarefied 
this We,^^n*''^^^™°«P»«^«- He adduces in ^^^VV^Xl 
tube it r^^'\ f^^^t. Ihat when the air within a long' f ^^^ 
"^'^ole tuhr-'^'n^"'' electricity passed tl^i°"fivevsiag 

^^at the Li^"^^.*!- I' ™^y' however, be ^tf^^J exceeds 
t'lat oft^^l^S^^ height of the northern Ugl^*^ ^ 

5S6 R "'ghest clouds. r.nsia^*' <^^^; 

''Elation oflt"^ supposes, that there is * /^ 9oU<-^' ^^jTt 
'hatth? °f. '»»« electric fluid from nortb V^-^cal <^«%'!?; 
passes ^„"'°»a is seen, whenever the el^<^^\. stat®*** Lv 
atmosph^^'^T 'Aa« «^aZ to the earth, or tH® ?a^»^*l, 

fariiy tends ?'«d, ^^^' '*'^ electricity of tl»^ j,oles J ^^^ 
^as sug-a."f, U'o'n the At^uator t<yteards ^/? i ^r avi^f ^.o«* 
an M»t^af.~f' ®^' that the aurora may possJt>*;y ^^c^ l»« 
^^^ poles f^ ^^^'•^ew^ in the atmosphere flo ^^i'* ^ . ^e^ 

KaemtJ^a-ds the equator. *^ i^ pe^<^*'!t% 

^'ery time ^^^^'yectures, that smce a spai'J^ ^ "*®^^v.v *^ 
^^^•ew, the ^** electric current produced ^^ ^gt\ise*"\\v® 
rupture io *}5***''thern lights may perhaps '^^iot>®- ^f a.<5' 
same tirrje I ^ magnetic equilibrium of the ^^ idea °* jje' 
Muating. for °;ir®^^'' **® utterly disclaims ':^r»de»-^"^Vp. 
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587. Utility. The light of the aurora, from its fre- 
quency and spleudor, serves materially to relieve the 
' darkness and enliven the gloom of the long polar ^^^^' 
During this period, its play is almost incessant, (Art. 580,) 
and its coruscations exceedingly vivid and beautiful. 

So brilliant is the aurora in these regions, that Mau- 
pertius and others, who were sent to Lapland in 1' «^^i 
by the Academy of Sciences of Paris, for the purpose ot 
measuring an arc of the meridian, were enabled to pur- 
sue their difficult work by the light it afforded, long 
after the sun had ceased to be visible. And Maupertius 
remarks, that its light, together with that of the moon 
and stars, is sufficient, during this season, for most ot 
the occasions of life. 

What ufleful purpose does the aurora subserve in the polar regional 
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PART VII. 

Miscellaneous phenomena. 



CHAPTER I. 

OF THE PALL OP TEEEESTBIiL OTBSTANCB8 ITOBEIQS TO THE 

ATK0S7HSKE. 

588. In addition to storms of rain, h»"' f^^XTe 
^hich are products oecwZ^r- to the atmosphere, and a 
t«\«'t3 Sf the operations of well-known ^fJ^J^^^/^ot 
laws, showers of matter of a tenestrtal "'^^f ^^^^^^^lose 
ew'*"!^*'^ ^^•'^"ed, which have been t'^^/f ' ^CJ".^^ 
exam.nat,oo, to a mineral, 'vegetable, »^^ ,^flenomena 
arf J;, /'^^ «08t remarkable of these svnguUrphenom ^^_ 
Scribed ^'^'^ and hlcod-rams, which wiU ^o^ 

«a r, WST4m>B«8 AND BL0OD-BAIN8. 
*•/ . • *^'Om time to time, and in regions of t^^ It^es 
?'i<l«'7 separated f?om each other, ^«s* ^ large ^^^l^^^ . 
i'?h°""7^«^ f--" he heights of the -^^^^^Carel 
^Pon the land but also far out on the ,?^f*'^i f "l^ that 
fit j!-°- '"ore. It is entirely d--flr^^^^^^ 
S er '!..*?^^««'ninated through the air t»y ^^^^^irhU been 
e oribe^ JJ of volcanoes, and for ""^^y/.f ^the vatiou^ 
naS \^?'^^^ observers and writers, ^^^^gi^occo **«*, 
flames of dxcst-starms, dwi-ram,, redfogs^^^^ 

Of what ^^ "'^^ject of part seventh 1 j. 

-^^e^^'^^r- -tt^ok:^^^^^^^^^ ana »o.. -- --' ^^^ 

.pher. * ^^^ ••espeoting tUe y^/ o/ <«».* from the be»g» 
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Africom chcstj sea-dtost, AUantio dusty and trad&mvnd- 
cmst. 

690. This dust not only falls dry, in the form of a fine, • 
im^alpahle powdery but is occasionally mingled with rain^ \ 
hmly and snoWy which it dyes with its own hue. As itSf 
is usually of a reddish color, these showers of rain and 
storms of hail and snow have received the appellation of 
liLood-Ta/ms. 

BUST-STOEMS. 

591. Instances. On the 20th of October, 1765, a 
hlaok dusty like lamp-black, fell in Shetland, between 
3 and 4 o'clock in the afternoon. The sky at the time 
was hazy, and the dust fell in such quantities as to cover 
the hands and faces of persons exposed to it, and to black- 
en their linen. 

592. During the 5th and 6th of March, 1808, while 
the wind was blowing from the soutJi-easty a shower of 
red dust fell in Italy. Ten years afterwards, on the 14th 
of March, 1813, a similar storm occurred at the town of 
Gerace, in Calabria. According to Prof. Sementini, of 
Naples, the wind, in the early part of the day, blew from 
a western quarter, bringing up dark, heavy clouds from 
the sea over the land. 

At about 2 o'clock in the afternoon the wind sub- 
sided, while a deep gloom pervaded the air, and the clouds 
grew red and threatening. Thunder followed, and soon 
after red dusty mingled with red ra/in cmd snow^ descend- 
ed upon the town. I'his dust had the appearance of a 
Jme powder. 

593. A shower of dust fell at Malta on the 15th ot 
May, 1830, and at the same time a similar fall occurred 
in the bay of Palmas, in Sardinia, while a Sirocco wind 
was blowing from a south-easterly quarter. Th® Maltese 
dust was of a hrovmishrred hue. Some of it w^s collected 
by Mr. R. G. Didman, of the ship Revensce* ,a-xid for- 
D^^edi^aODgie 



DXJST-8TOHMS. 

'^^Tfdedto IVlr. Charles Darwin, an eminent J 
^^ralist^^Q^ examination. 
* 594. On the 16th of May, 1846, a shower 
aust occurred at Genoa, having the same M 
^ue as the dust which fell at Malta in 1880. 

^ix months afterwards a remarkable storm of 
swept over Lyons, in France, and so thickly di 
^®^<^®Pd> that the amount which fell at this tim< 

1^ *° ^^^^^ "** '®^^ *'"*° thirty-six tons. 
or.^ 5° ^^^ y«" 1831, the ship Beagle, 
B^™and of Captain Fitzroy, was dispatch^ 
ftw. \r fo'^ernment on a voyage of scientific 
th?J^^ *h® world. Mr. Darwin, the naturalist 
oW. ' accompanied the expedition, and during 
CanT w T? <^'^t^hmoeT^ near St. Jago, the c 

pe ae v^erd isles. 
in «. .T™°™'ng before ihe Beagle anchored at 
naJn^Vj ^^' ^r- Darwin collected a little P»*= 
been fi ? ^^f^'i-colored dust, which appe»f 

mar£ ,h r'i- In speaking of this phenpoo 

•nith o' X *"e atmosphere m this region »& 

<^W^^' caused by the falling of this 

7eS/T*- By the kindness of a frieod, 

of a ves/ f *^ J>arcds of dust which fell j^-^^e - ■ 

^erd isles! ' * ^ew hundred miles north of ^^st-sViO^' 

mt ^"^""^ ^al«able information respectiV^ g«^*'"^!S'o? 

dust ntfol 'i*? fifteen different accounts of *** *i<5-, ,!^re«ll 
Sffn^ ^**iP« when far out on the Atl»^^ ^^^ ^\ 
adi^i °.^P**» them when they were ^^-^^f ^^^'^'^^Ut^^ 
t Jnt« * ?^^<md miUs from the coast, of ^^t^ » 

limh^}'^ some of the dust collected upoo ^^o^^^^C 
T^:f±^^^^a from land, particles of stooeJ?!:r^=r?CT^le 
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ered) more than the thouscmdth of an inch square, mixed 
with finer matter. It falls in such quantities as to soil 
every thing upon which it descends, and to irritate tho* 
eyes of persons exposed to it. Ships have even been 
known to run ashore, owing to the obscurity of the atmo- 
sphere resulting from the presence of this dust. 

698. The occurrence of duat-ahowers in the vicinity 
of the Cape de Verd isles has been noticed, at intervals, 
from the year 1679 to the present time. The extent of 
the region over which they here prevail varies, according 
to Darwin, from 960,000 to 1,280,000 square miles ; but 
a greater estimate is given by Captain Tuckey, who sup- 
poses that it ranges from 1,648,000 to 1,854,000 square 
miles. The Atlantic dust is believed by Mr. Darwin to 
come from Africa, since not only does wind blow from 
that quarter whenever it falls, but the showers also occur 
during those months when the harmattan is known to 
raise clouds of dust high into the atmosphere. 

699. During a voyage from Richmond, Va., to Rio 
Janeiro, in the winter of 1845-6, Mr. Thomas Ewbank, 
of the U. S. Patent Office, met with many instances of 
the falling of sea-dust^ and traced the rich and peculiar 
hues, that at times adorned the clouds and sky, to the 
diffusion of this fine powder throughout the intermediate 
atmosphere. 

600. On the 10th of January, 1846, in 23° 33' N. Lat., 
and 34° 37^^ W. Long., he observed a narrow belt of slate- 
colored sky skirting the horizon, while upon this rested a 
broad band of vermiMoUj interspersed with soft dashes of 
Indiojv mh^ shaded with umber. These hues changed, 
by insensible degrees, into a bright crea/m-color^ and this 
again into a pale, delicate green^ which deepened in tint 
as it approached the zenith, while over all floated amber- 
colored clouds, growing richer in hue and smaller in size 
as they sunk towards the horizon. 

What is the extent of the region over \vhich the^^i^^ 
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601. Three days afterwards, in ir QT N. Lat., and 
Sl° IS' W. Long., the wind blew strongly/r^m ^A^ east^ 
tearing along with it a red^ impalpahU powder. This 
minute dust was seen on the windward side of the sails, 
'where it was supposed to have been collecting during the 
two previous days. It was extremely fine, and could only 
|>e seen by bringing the loose fibres of a rope, upon which 
it had settled, between the eye and the sun, when its 
presence and color were readily discerned. 

602. The sun throughout the day, as well as the moon 
at night, was enveloped in a haze^ which was supposed td 
be caused, in some measure, by the dust that floated in 
the air. The captain of the vessel, who had noticed thiS 
phenomena before, called the red ^o^Aqt AfTic(m 8<md. 

o03. During the two following days the heavens pre^ 
sented scenes of gorireous and surpassing beauty, the colors 
of the sky and clouds ranging through ^^^^^,f ^nd 
pmk, pwpie^ crimson, yellow, chocolate, "^^"^l.^J^l 
^^^/ whilf beneath this rich and varied combmaUm^ a 
groundwork of the purest cream^eolor extended, g^^"^ 
tone to the whole, and changing in tint from a/^^"^^ 

28M.V ^ *^« 16th of January, in 7" 44' ^-^^'^J^, 
-iS 31' W. Lonff the red dust was ob8erved «> <^ .. 
^tdaie upon thf 'ye88er--an old sail, looking^, as if v* 
M been painted ofT& J^* ««^- The sbip »» *jj 

the month of ^i? ' 1 ft^JO at Olsterholz, near Uef 
»;oId in Wea^:fi^,"-5;hf 5nd:during this phenoto^na^^ 
hlew from the sonil \ The dust fell so thickly as W 
cover the ^arthTtheTpth oflr^ eighteenth of<m^ru^^' 

606. Instances. On the 12th of August, ^ It^^^ 
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1222, a red rain fell at Rome for the space of a day and 
a night f and a similar event occurred at Cremona on th& 
8d of July, 1629. In 1608 a red rain descended for 
several miles around Aix, in France ; and in 1623 an- 
other blood-rain happened at Strasburg, between 4 aiid5 
o'clock in the afternoon. On the 5th and 6th of May, 
1711, red rain fell at Orsio, in Sweden ; and a shower 
of this nature also occurred near Genoa in the year 1744. 

607. A very remarkable rain of this character fell at 
Locarno, in Switzerland, on the 14th of October, 1755. A 
warm Sirocco wind was here blowing at 8 6* clock on the 
morrvmg of this day, and two howra afterwards the air 
was filled with a red mist. 

At 4 o^ clock in the afternoon a llood-rad/n descended, 
which left on the ground a reddish deposit. Nvm inches 
of this colored rain fell, in the course of one night, over a 
regionyi^r^ square Qerma/n leagues in extent. It even 
reached Suabia, on the northern side of the Alps ; while 
amid the cold heights of these lofty mountains it^ changed 
into a reddish snow, which fell to the depth of nine feet, 

608. The red matter that was deposited during this 
shower was found, by actual measurement, to be in some 
places an vnch deep^ or one-ninth part of the quantity of 
rain. Upon the supposition that it fell, on an average, to 
the depth of only one-sixth of an inch, twenty-seven 
hund/red cubic feet of this red substance must have cov- 
ered every English sgua/re mile. 

609. On the 13th of November, 1755, a red ravn fell 
in Russia, Sweden, Ulm, and on the Lake of Constance ; 
and on the 9th of October, 1763, a similar shower de- 
scended at Cleves, Utrecht, and many other places in 
Europe. 

610. During the remarkable phenomenon that occurred 
at Qerace, on the 14th of March, 1813, the red rai/n pre- 
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611. A red rmn likewise fell at Sienna, and upon the / 
^ajacent country, on the 15th of May, 1830, at 7 o'clock \ 
»n the evening, and also at midnight. The weather for 

two days previously had been calm, but the sky was over- 
cast with dense, reddish clouds. 

612. Black Rain. The material that mingles with 

these extraordinary rains is not always of a red hue, but j 

IS sometimes of a dark color, and imparts an in^y hlach- , 
?*««« to the shower. A rain of this kind occurred at 
Montreal, in Lower Canada, on two several days during 
the month of November, 1819, under the following cir- 
cumstances : 

On the morning of the 2l8t of this month a dense gloom 

enveloped the city, while the whole atmosphere was 

Obscured by a thick haze, of a duahy orange color, k^ 

at this time rain descended of a dark inky hue. The 

weather soon after became pleasant, and continued so 

"nW the following Tuesday, when at noon the ^^ole ci^ 

III TV" shrouded in a heavy, damp vajpor, so deiwe 

Sses "*'"« necessary to light candles m ^l *"^ 

earfi! ""^T*- 3 o'clock in the afternoon a sliglit ehock of an 
earthquake was felt, attended by a noise like the discharge 
ot distant artillery. , , .v. 

Klim'l*'"'!,'-' ^hen the darkness was the deepest, Ae 
JaTl.T*^ dispelled by a vivid flash of lig\*"f ' T^S 
T^s followed at once bv a crashing peal of thunder , ana 
^^n!"^ ««°ceeded by a heavy shower of th^clc, Hack 

fJ^f' • ^^ *he 29d of April, 1846, a copious lUck ram 
Jllalso in Engladfrthe towns of Dudley, Stourport^ 

^art ^f Vo"t ^-«l^>ich are situated iu the northera 

TV^«^«^e?Wd from 11 o'clock in the morning tffl 
1 o'clock in the Xloo„?the rain descending so a,b«nd- 
S V° ^^^^'^^J^^the waters of the places where^feU* 
a-Bd darken the river Severn. by^^OOglC 
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614. Red Hail. A storm of red hail is stated by 
Baron Humboldt to have once occurred at Paramo, in 
South America, between Bogota and Popayan. There 
likewise fell over all Tuscany, on the 14th of March, 1813, 
a shower of hail of an orcmge hue. 

615. Black Hail. A hail-storm happened in Ireland 
on the 14th of April, 1849, which deposited upon the . 
ground a llacTc^ inky substance. Some of this dark mat- 
ter was collected and examined, and found to be of the 
same nature as the coloring material of red rains. 

STOBHS OF COLOBEB SNOW. 

616. Red Snow. One of the most remarkable falls 
of red snow on record is that which has already been 
mentioned (Art. 607), as occurring simultaneously with 
the blood-rain of Locarno, in Switzerland, when snow of a 
reddish hue covered the neighboring Alps to the depth of 
nine feet. 

617. On the 5th and 6th of March, 1808, red snow 
fell for the space of three nights in Carniola, a province 
of Germany, and throughout Carnia, Cadore, Belluno, and 
Feltri, to the depth of ji/oefeet and ten inches. 

The earth had been previously covered with white snov), 
and the storm of colored snow was succeeded by another, 
the flakes of which were as usual, of a pure and brilliant 
white. The two kinds were perfectly distinct. When a 
portion of the red snow was melted in a vessel, and tbe 
water evaporated, a fine rose-colored^ ea/rthy sedi'^^f^'^^ 
remained at the bottom. Red snow, likewise, fell at this 
time on the mountains of the Valtelline, in Switzerland, at 
Brescia, and on the Tyrol. 

618. During the dmt- shower and Uood-rain^^ a»t Ge- 
race, red snow descended over a wide extent of country, 
embracing the two Calabrias, Tolmezzo, and the Ca^i^niafl 
Alps. In Tuscany it fell of an orange hue^ ^v^laile at 
Bologna its tint was a hrownish yellow. 

— ■ 9Tgi+t?ettt5ft500gte 

What instance is given of the occurrence of red hail ! 
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619. Oa the 16th of April, 1816, colored mo 
i*^lyj Upon Tonal, and on other mountains. It 
orxck-red hue, and, when melted and evaporated 
and impalpable earthy powder remained. 

620. A storm of reddish snow took place on i 
of March, 1847, in Puster Valley, in the Tyrol, 
txved its tint, which was a hrovmish red, from 
colored dust, resembling that of the Atlantic shovi 

621. Black Snow. A few years ago a fall o 
^"fw' occurred in New Hampshire, at Walpole, i 
adjoining towns. A person writing to the Boston 
irom Walpole, remarks, in relating this extrao 
phenomenon : " I send you some writing, written ^ 
enow as it feU, and with a deem «w." This 
^cordmg to the editor of the Journal, vfvsperfe^ 
U k^^% appeared as if having been -written vr 

., ^22-, These colored snows must not be confoM 
tHose already described in Arts. 286, 287, a?^.2« 
snows there mentioned are white before thef . 
acquire their red and green tints, aft&r the'i^ deec 
tue presence of a microscopic plant whose cells 
with animalcules, and which, even in ^^^A 
spreads itself with extraordinary vigor over field 
un the contrary, in storms of colored sno^^ ^} 
^m^ *^ *^ a^JWspA^re, and the snovr is ^ 

_ KATUEB OF THE DirsT. tWatiOTiS o€ 

^Jrf*-** appears from the microscopic i»"*^® ^ vhreii\>eTg» 
TaHhe H^T^\"' ^'''^ e«Pec'»»y from those of Ebre 
!5™ "®* ^^^""^ causes dust-storms, »«d V^°l.aani^j, 

TZ^a'T^^''^^ '"hile the/orm^ consists P"°^f^ 
of the *A^^^ of infusoria, mingled with fr»g«^«'**'' *" ^ 

^Mj^^ants and j)arts of insects. ^^^fl\^ 

ire these colored «now. th. .ame in «l,«~„t^, »i tl»0»e «lre» T 
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It may not be amiss to explain to the stndent in this 
place the meaning of the term mfusoria. 

624, iNFiTsoRtA. The general name of Infusoria has 
been given to those minute living beings which can only, 
be seen by the aid of the microscope. On account of their 
being first detected in vegetable vrCfusionB^ they are termed 
mfvsoria; and since they are exceedingly small, they 
have also received the appellation of (mwmlouiles^ or liMU 
mrnfidU* They are found in countless myriads in all 
waters, and in the fluids that circulate in animal and 
vegetable bodies, while their shells and eggs are dissem- 
inated by the winds over every part of the world. 

625. More than eighJb hwad/red distinct species have 
been discovered, possessing the most grotesque and sin- 
gular forms. Some resemble globes, trumpets, stars, 
boats, and coins; others assume the forms of eels and 
serpents, and many appear in the shape of fruits, neck- 
laces, pitchers, wheels, flasks, cups, funnels, and fans. 

Their minuteness is almost incredible, for the monad, 
the smallest of all living beings, never exceeds in length 
the twelve thouscmdth j>art of a/n inch. A single shot, 
one-tenth of an inch zn diameter, occupies more space 
than seventeen hwndred miUions of these atoms — each 
in itself a perfect being, amply endowed with vital powers 
adapted to the mode and range of its existence. 



Structure. The outer covering of the infuso- 
ria is of two kinds ; thefrst is soft and yielding, resem- 
bling the skin of the leech and slug ; but the second is a 
fine, transparent shelly possessing a flexibility like horn. 
Those animalcules that are protected by the latter integ- 
ument are termed loricated, from the Latin word lorica^ 
. a shdl / while the name iUoricatedy or sheUesSj is assigned 
to those which are invested with the softer covering. 

The material that composes the shells varies in differen't^ 
species. In many kinds it consists entirely of JUnty an<3L 
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cases it is combustible. e^«^<>». Jn so^e 

main .^decayed for ages, often conSeg^Z't JX ' ' 

exSrivfLf ?'5')T°*'' ''° Virginia, is built upon an 

in thinl ^°^ J'^'^'inarl, from ^e^w to twenty feet 

is stfti»^T^' ""^'^ with/wOT?, mfusorial aheOa; and it 

the eh!ll. ^/xr°^°«'''«' **"" nearly half of the bulk of all 

^-etncZv' i N°"hern Europe is composed of t\ie foml 

are mfZi j a?>malcules, and other minute shells. They 

Ocea^ " *^*^ ^'^^ **>« "»<i that forms the bed of the Arctic 

and he 1*^^ A^^t with the iceberg in all it8j^»°^f S 

These l/r^^'y^c^ttered "^^r the%urface oV^^^^ti^^^d 

of the i,'r°glyphics of nature are interpreted by the ^ 

^ "Jicroscope.* ^ 

^^SnJ^^^ Italian Dust-showek of ^^^^'u tn ^^^ 
^""og thf °^ 1813. In the dust wbicl^^ *%^ec\e8 o« 

'^J'^ch de^ "''*"'"«s were discovered and 9^^*2-13. t1tt«^\^ 
"'■»« 8pSr"^«d at Gerace, in Calabria, it» ^a ^«^^:°''^otr© 
^^eCaJ^bl^^ '" **>« ''*^'.*" dust-shower, *^vetei*^%e 
recent diVf!^"' a*"® identical with those d^^^lVii, *^* Vha-**; 
two stor^^-^torms. It is worthy of retJO^^'^'o ^«*S,,V^ 
tfl'entjr-ei'^ul ''^°«gh ^^^ 2"'«''« apart, 1»* ^.'^^A '^'^J tt*® 
the speeil ^Peciea in common, and ii» ATCft^^^^rtt-rJ^ 

nmnerous i ^*'"® oi freak-water angi'^'^^,e'ri'^ ILf S^ 

Snrinam ®^ed; of these, one occurs io ^<y Chw* 
«n'inalcul»*'*** the remaining i^oo beloni? ^T-iv- Ait^°* At*^* 
629. i*" structures were found exclusi^^*^, t^e ^^^^ 
_____2_^^'*'*'ANTic ANi> Cape de Veri> ^^^^ -^'"''^ 

Of vhat di\?^u"**'^ infusoria die. what become^ ^li^Obv^OOQtt 
^"'t-etorttta'l'** the dost consiet which fell in the It^A»^^y^^'-'*-'5'' ^ 
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that was collected by Mr. Darwin on the Atlantic, in N. 
Lat. 17° 43^ W. Long. 26°, and at th 
jwe hundred miles from the African c( 
to the examination of Ehrenberg, wl ' 

one-sixth part of it was composed of t 
fresh water and Icmd infusoria, and 
jilcmts* There were eighteen species 
as many of the latter. Of the animalcular remains, the 
greater part were European ; one species was decidedly 
of South American origin, and cmother probably; but 
there were none that belonged exclusively to Africa. In 
the opinion of Ehrenberg, the two South American spe- 
cies were either brought from that country by the upper '^ 
winds of the atmosphere, or from some other locality which 
is yet unknown. 

630. In the dust of several other showers, which occur- 
red between the years 1834 and 1838, some at St. Jago, 
and some on the neighboring ocean, numerous organized 
structures were discovered, thirty of which were different 
from those detected in the dust just described. Among 
these, were the shells of a few South American infusoria, 
and one beautiful microscopic shell, termed the Polytha- 
la/mia* or many-chamhered shell. A single species was 
observed that occurs in the Isle of France ; but none of 
the forms were recognized as peculia/rly African. 

631. Some of the dust collected by Mr. Ewbank, on 
his voyage to Rio Janeiro, was examined by Professor 
Bailey, of West Point; but he was unable to discover in 
it any thing besides irregular, inorga/nic^ mineral frag- 
ments. He believes, however, that more interesting results 
would have been obtained if the dust had been gathered 
with greater care. The entire number of distinct organic 

Relate, in full, what is said respecting the composition of the Atlan- 
tic and Cape de Yerd dust. 

"What is said respecting the dust of several other showers 1 - 

fir i.i.1-. r :i.^.-_. ....__!_ .^..-.. * Digitized by VjOOQIC 



fom%\ilt*erto discovered in the Cape de Verd and 

631 SIROCCO DtJST. The dust that fell at M/ 
the I5t\i of May, 1830, afforded forty-three distinct 
ized forms ; of these there were fifteen infusortat 
. tures^ twenty-one kinds of minute^ petHjied jpla/ri 
seven of Pobythalamia. The species of anm 
^ere, for the most part, identical with those discoi 
the Cape de Verd and Atlantic dust-showers. 




-«oK08ooPtc o^^J^J-^,-y7^:T 



pus*-* 



r^c^aeil Infusoria.^ ^ T'^ 

One form was noticed belonging pecttl»»^Qle 
norte were found .listinctively Afrzcan. o 
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■' ^ ^ • ' /■< 

638. The Sirocco dust that f(^l at Lyons, on the 17th 
of October, 1846, was so rich in organic re 
constituted one-eighth part of its mass. 
of numerous species of infusoria and of jp \ 

mingled with a few kinds of Polythalam 
vegetable fragments. The species were ^ 

fresh-water origin, one-seventh only bein 
figures 45 and 46 are delineated the yari< 

Fig. 40. 
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MI0B0800PI0 OBOAMISMS OF TIIK LT0N8 DUSTHSHOWKS. 

{FoBsU Plants.) 

organisms which were discovered in this dust. The most 
remarkable circumstance respecting it is the fact, that,Jt.'^ 
notwithstanding its general resemblance to the dust of * 
the Atlantic showers, which has always exhibited nothing 
but dead and empty infusorial shells, this, on tl^e con- . 

Digitized by VjOOQ iC 
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infusoria •wMct iras distinctly seen to be fiUec 
ovaries, or egg-sacks, and consequently was i 

634. The dust collected, in the precedin 
from the Cape de Verd, Atlantic, and Siroi 

* being nim in all, afforded 119 diaimct orgt 
these there were fifty-seven species of wy ■ 
eight of Polythalamia ; forty-six kinds of/ | 
together with partides of seven kinds of pM ■ 
fragment of an insect. Only seventeen of : 
isms were marine ; while 102, sia>-seventM c 
consisted o{ fresh-water si^ecies. In all tl ! 
^ the dust exhibited no indications whatever i 
origin. 

635. In three dust-showers which occurred i 
1847 and 1848— the >•«« in Salzburg, the «e< ) 
wa, and the thi^d in Silesia and Lower Aus 
fresh-water organisms were detected, loe 
American species were tere found, as m oti 
withoat any characteristic African fo'ms- 

636. The red snow that fe" .™ t^« 3^'°^ 
of March, 1847 afforded sixty-six different o 
Of these,' twenty-two were infusarial strn^ 
f.ghtyoasil puLts, two jpoVytJwJmma, and 
¥f^ of plants. There ^as also one J^^« 

»^^^- The weater pa^*' ^y f*'^' °^ • . 
^7 of 1^ ^fl Z,o only being marine 
A remarkable resemblance exists betwe^ 
".atter of this shower and the dust of the A 
ese, and Lyons storms, »«' "^^^^ ™ • «.?, 
oorr^oai^y\;^^^;i these sixty-six str' 

How manv distinct orgaoiB^" -«!• a»«o'««^ ^" 
W«1h.r^'^«""^ the federal k«d..,^,,^ ,l,o 

What orgauisoxs were detected in the 
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m are found in the Atlantic and Sirocco dust ; and inod/oe 
species of infusoria and twenty of fossil plants are com^ 
man to alL 

687* In the dust that fell, mingled with sbow, at 
Olsterholz, in the year 1860, Ehrenberg detected fifty 
organic forms, forty of which he had previously observed ^ 
in the dust of other showers. The remaining ten species 
had never been before discovered in atmospheric dust. 

688. Number of Distinct Oboanisms Discotered. 
In the dust of the various showers examined by this dis- 
tinguished naturalist, no less than 320 distinct species 
of organisms were discovered. Of these, five only were 
of ma/rine origin, and fourteen were forms peculiar to '^ 
America. 

639. Number and Extent of Dust-storms and 
Blood-rains. According to the researches of Ehren- 
berg, 340 instances of dust-storms and blood-rains are 
mentioned in history and in the annals of science, of 
which 81 took place before the Christian era, and 259 
after it. These remarkable phenomena extend through- 
out the world, occurring on the ocean, on all the conti- 
nents, and even in Australia. They appear, however, to 
prevail most within a zone, extending from that part of 
the Atlantic oflf the west coast of Middle and North 
Africa, along in the direction of the Mediterranean Sea, 
reaching a short distance north of this sea, and continuing 
into Asia between the Caspian Sea and the Persian Gulf^ 
perhaps to Turkistan, Kaschgar, and even China: they- 
seldom happen as far north as Sweden and Russia. 

This zone, according to the observations of CaptaiiM. 
Tuckey, has a breadth of 1800 miles. 

What organic forms were discovered in the dust that fell at Olst^^^ac- 
holzl 

How many distinct organisms have been detected by Ehrenberg ^n 

the dust of numerous dust-storms 1 What is said respecting S^m^^mt^ 
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^*>8t frequently dunng the first half 'r*f«>™ena occiir 
^•»t of 199 showers, ^w, 5ates ar« '^* ^^"' ^"^ 
happened between jCua^' and JuJy Z^'^^t^' ^^» 
''^ly and Dpr.pnih*.r ^f^ J • . u ^' *"** ^^ between 
• thronaWT.. ^ 1 ^^« distribution of tie showers 
"rough the several months is as MIowb : 

January, 27. July, .9. 

February, 14. August, 17. • • 

*Iarch, 23. September, 7. 

^Pnl, 18. October, 18. 

fay, 18. November, 16. 

''"Jie, 18. December, 14. 

of th^- i!!f «'^. 0^.™^ DcsT. The o^Z<«: !t±^r^ 



as iti 



«a^S, i"^*5 the circumstance that a ffreat ««««*' 
that ^ r**^*^ sometimes falls in a single s'^^'w^od- 
raina Lv °^ ' *°'* ^*^« f*<'' *^»t dust-storms »«^ ^^^^r 
(900 B r.V*'°*«'°na"y happened from the w™ ^^^^^erg «> 
advance -^ *° *^® present day, have le^ "^fte >aeUeves 
*^atthes*f ?iost extraordmary hypothesis- ^^^enA^ft- 
*e^ beinr. • Phenomena are not to be traced- »" T0«**® ,Ani. 

(^rt. SSK^^'^'SmBpiice, like the meteoric «^f^o8pte*^*',,5tife 
rents, s,rv ^°'" yet to the influence of * « ttatv, <5*^^^-e»-- 
'^edust -^« as t^e trade-winds and bar^f-^ ^ftl^'' 
e"l lav^ °* **ie earth aloft into the air 5 %otv ^^-^^S^ ^ 
»nd othei- 7 • ^®* unknown, according to ^ '^\jryro0^''^ 

*'"* opDer. "^"^^ organisms, eadst and a-^^ -^ f t\iee® 

The loo/v S^°»s of the atmosphere. , . _ <,.^-p^a«® °U »'■*' 

wganistoo K '^ ^^'^''^ constitutes the dwelli**^ ^^d «> to© ^^j^- 

"ated at ^u® imagines to be of vast exte**"^' -i_^«e t&e 

Wei. **^e height of about 14,000 fee* 



^^^*« Of the year do these phenoo:!^*^ digitized by CnOOQl^;!^-*^ 
^^*t ar«*^??' distributed through the monthB t ^»*-*^«^ "^ * 
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642. The apparent periodicity of the showers he ac- 
counts for by supposing that this cloud of organisms lies in 
the region of the trade-winds, and saffers partial and'pe-. 
riodical deviations. 

643. In the present imperfect state of our knowledge in 
, regard to these phenomena, it would be highly unsafe to 
' adopt this singular hypothesis. 

Both the organic and inorganic matter contained in 
,*■ these storms are terrestrial in their nature, and the at- 
mospheric currents are most probably the agents, which 
elevate this dust from the surface of the globe, and bear it 
along to distant regions. 

644. The opinion, that the Atlantic, Cape de Verd, and ^ 
Sirocco dust comes from the deserts of Africa, is incon- 
sistent with certain known facts respecting it, and has 
therefore not been universally adopted. For instance, the 
color of this dust is redy while the scmd of the African 
Saharas is white and gray / and we have also seen that 
none of the organize,d forms which it contains are peculiar 

to Africa; while many of them are distinetvvely South 
American. 

645. It is the belief of Lieutenant Maury, that the red 
powder, which falls in these dust-storms, is brought by an - 
upper wind from South America to Africa ; where it de- 
scends and becomes the lower trade- wind, which dissem- 
inates the dust throughout the regions where it blows. It 
is not improbable that a portion of this dust, carried on- 
wards by the higher current, falls within the sweep of the 
Sirocco — a circumstance which will fully explain the sim- 
ilarity that exists between the Sirocco and Atlantic dust. 

How does he account for the apparent periodicity of these showers 
and storms 1 u • t 

Are there, at present, sufficient reasons for adopting this hypothesis . 

What is the nature^ both of the organic and inorganic bodies, wnicn 
constitute this dust ? 

How are they probably raised into the atmosphere 1 — ^^ i ^ 

What reasons exist for believing that the Atlantic, Cape de vei^lL 
and Sirocco dust does not come from Africa 1 
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▼OUAHIC SHOWEBS. 
646. The fall of ashea and dust soon after tie eruption 
^volcanoes, is a phenomenon embvrdy different from 
^^^i-storms and hlood-rcdns ; for the materials which are 
precipitated in volcanic showers contain no organic forma, 
and are easily traced to their source. 

64Y. Cause. The mighty energies that are at work, 
"^hen a volcano is in fall action, carry up the lighter por- 
tion of the ejected matter high into the air; i* j^ *hen 
borne along by the upper winds, and at length falls, in 
showers, in regions often far remote from the burning 
<»"ater. 

- 648. Instances-Jorullo. During the eniption of 
Jorullo, in Mexico, which began on the 28th of Septem 
^l^> 1759, the sky was darkened with clouds of dust that 
afterwards fell at Queretaro, 100 miles distant.^ 
during another eruption of the same volcano ml81»^ ^ 
^ *^e depth of 8^ inches, descended m the streei, 
^uanaxuato at the distance of 160 miles. ^_ 

649 SocUiEKK. One of the most remark^^^J^e 
e?un?- •^'»«t-8hower8 on record is that connected Jt g^^ 
«^"Ption of the Souffriere mountain, !« J^® .J^'^ftjo. 

eTn""'' Wch occurred on the 30th of AP"^' ^fb^h bad 
been^*, ^"^ '^e 27th of this month the ^f^^n^^J forth, 
"een slubbering for a hundred years, ag*^^,*'^^^^, c»l- 
i7'i«g do;n^and, mixed with »t«« ^^^^.ffi'e the 
S P*«i«»es of earth. This d««*' /"iraod covere* 
tie 7-^*^^«n«dthe air like a cataract of ram, ana ^ 

*J^ wdges, woods, and cane-lands with bg*^* g'^J volcano 
?f»e8, reaembC snow. As the activity of the v^ ^^^ 
S^«ed, this Continual shower e^f ^Jf^ ^*'*^' . 
i^^""' destroying every trace of vegetation. ,„g 

651. For three days the appearance of the « ^ 
mountain grew more awful and portento^s./j^ptioi 
'«'»gth, on the ni^t of the SOth^a most terrificj rot^ 

State ^hai; t. ...;. *4„„ ,„7,««« Bhowers— their cause .^„,„i1a. 
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took place. From the middt of a )ofty pyramid of flame 
issued streams of glowing lava, which^ pouring down the 
sides of the mountain, flowed in totrenta to the sea ; while 
the sullen roar of these burning rivers was swelled by the 
thunderings and loud explosions of the crater. Stones, 
fire, ashes, and calcined masses rained down for hours, 
and earthquake following earthquake, almost incessantly, 
the whole island undulated like water shaken in a bowl. 

652. On the next day, the air was so filled with vol- 
canic dust, that it was dark at 8 o'clock in the morn- 
ing ; a dense haze shrouding sea and land. Most of the 
plantations in the vicinity of the Souffriere mountain were 
covered te/n or "twel/oe inches deep with dust and stones. 

653. But the efiects of this eruption were not confined 
to this island. During the night of the 30th the terrific 
explosions of the volcano were heard as far as Barbadoes, 
which is situated seventy miles due east from St. Vin- 
cent. On the next morning, at 4 o'clock, the atmosphere 
at Barbadoes was hright and clea/r. but at 6 o'clock the 
sky was obscured by thick clouds, from which issued ifl 
torrents, like rain, particles of volcanic matter finer than 
sand. At 8 o'clock, an appalling darkness, as intense as 
that which prevails in the depth of a stormy night, over- - 
spread the island, and continued till noon, but the showers 

of dust still descended at intervals until 7 o'clock in the 
evening. 

654. This dust descended to the depth of two inches^ 
and, according to the computation of observers, an average 
weight of 40,000 lbs. rested upon every acre on which it 
fell. Vessels at sea, some 800 miles, and others 500 to 
the windward of St. Vincent, had their decks covered with 
this volcanic dust. (Art. 103.) 

655. ToMBORo. Still more surprising was the dust- 
shower, caused by an eruption of Tomboro, a volcano sit- 
To what other island did this dust extend 1 ^ ^OOOk^ 
How far is it from St. Vincent, ? ^ ^ CD 



EKtJPTION OP C08IQUINA, 

uated rn the island of Sumbavra, wMcb liet 
and south of Borneo, ' 

656. The eruption occurred on the 12th n 
According to Sir Stamford JRafBes^ wio wag 
of Java, the roar of the volcano was disti i 
one directioii, at Ternate, 720 miles distant 
and in another, as far as Sumatra, at the c • 
nailes. 

667. Such vast clouds of ashes and duf 
that the day at Sumbawa was as dark i 
night ; these, rising within the sweep of th 1 
were carried in immense quantities to Ji i 
distant, and hung like a pall over the islan 
sar, 250 miles from Sumbawa, a total dar i 
*Png after the sun had risen, and volcanic d 
^^^ « 7uxlf deep. Some of the ashes were i 
i^r as the island of Amboyna, which is siti i 
^^^^ Tomboro. 

t>58. Near Sumbawa, such quantities o 

and ashes fell into the sea, that they forme 

surface two feet in thickness^ and, for m 

isiand, the ocean was so completely co^ i 

noating matter, that the progress of ships i 

^^peded. 

af ?^^: CosiGUiNA. During the eruption 
w ^osigtijjjg^ in Nicaragua, on the 20th oi 
™mense clouds of dust darkened the sky, : 
J'^^ ^inds to a great distance. 
ot>0. At Union, a sea-port on the waste i 
Ify of Conchagua, and the nearest place 
1 ^^ importance, shxywers of dust fell a I 
« f^ 20th to the 27th of January. It d ! 
^orm of a ^^ powder like flour, and in su i 

^escribe the eruption of Tomboro. 

^afc is aaidrespectiDg the ejected ashes and ^^Kq\^ 
ri^?^ <ii<i they iffect the atmosphere, and how >gl^ 
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to cover the earth to the depth oi Ji/oe mches ; causing, 
for the space of forty-th/ree hcywrs^ so intense a darkness 
that lights and torches were n6ed«d, and even these were 
insufficient to render objects clearly visible. 

661. At Leon, the capital of Nicaragua, showers of 
ashes omd dMst descended on the 23d of January to the 
depth of nine inches / and at Nacaome the falling dust 
was mingled with coarse sand, which, together, formed a 
layer upon the surface of the ground seven or eight inches 
deep. Some of the ashes ejected during this eruption 
were carried even as far as Kingston, Jamaica, sef^&n 
hwnd/red.cmd thirty miles distant from Cosiguina. (Art. 
103.) 

662. Yellow Rains — Pollen-Rains. Showers of 
rain, mingled with recent vegetahle matter, consisting of 
the poUen of various plants, have been noticed for a con- 
siderable period of time. A shower of this kind once fell 
at Lund, in the south of Sweden, the pollen having been 
borne by the wind, from a forest of fir, thirty-five miles 
distant. A similar rain fell on the lake of Zurich, in the 
year 1677, and another of the same nature, at Bordeaux, 
in 1761. During a thunder-storm at Banff, in Scotland, 
on the 9th of June, 1835, a shower of yellow rmn de- 
scended, which tinged the waters of the river Devern and 
of the neighboring pools with the same color, ^he hue in 
this case, as in the preceding instances, was derived from ' 
ih^poUen that was mingled with the rain. 

663. A few years ago, a rain of this color extended over 
the western and south-western regions of the United* 
States. At CarroUton, Ohio, the ground, after the raitv, 
was covered with a yellow substance ; and the same phe- 
nomenon was likewise noticed at this time at ZanesviWe, 
Cincinnati, Louisville, St. Louis, Natchez, and Nevr Or-, 
leans. The hue of this rain is undoubtedly to be attrib- 
uted to the presence of pollen. 



Digiti 



zed by Google 



aOSSAMER-SHOWEB. 



White, ou fhe 2i8t of September. ^J^y^^^ ' 
account is given in hia charming J\**^; . , 
SelWne." It appears from the stft^f ^^^J , 
man, that on the day J«8t mentioned, atawu ^ 

the morning, a simoer ^/^f^^^^Xl c i 
vated regions, "was observed, ana r.j"^ ^ 
descend, without any interruption, »" •« 

665. Tbese webs were not single, fi^^^y^ . 
perfect fakes or rags— some ^f '"8 "^ dettree ' 
and five or six long, which fell ''f^ * ^^ t = 
that showed they were considerably nea» 

mospbere. j v,ia ey • 

On every side, as the observer turned n ^^^.^ 
behold a continual succession oi ireo ^^^^^ ^ 
view, and twinkling like stars »« ;^^'„oticed • 
of the sun. This singular shower was n ^ 
Selborne, and Alresford, three ?!»««« .^^^ ^3 
of triangle, the shortest ot ^^T f-.tber, is ' 
mUes long. Whether it extended fartne , 

known. , „„ „vo obser-v i 

666. At Selborne, ^^^iSS^e' "^^ 
nomenon while taking ^^^^ ""wn Mown* ^^^^ ' 
the falling flakes to l^^ve • een o ^^»^^ ^^ ^. 

from the fields above, andj^^^'lTed the sum 
from the shower when, l^e bad gainea^ ^^^^^.^ 

that rose near his house. *7*^„J ug found 
300 feet higher tharx l:xis residenc%he^^_^^ 
*Ppearance, still as much above »■ , ^^^ja 

into sight in a constant succession, ana 

m the sun. „ „ * such i'' 

Neither before nor a-fter was any suc^^ 
these places, but on t^l^is day tbe ^^«'^;^; 
thickly in the trees a-ud hedges, that a per 
gathered them by hco^/setfida. . 1^ 

667. In expUnation of this curious pn 
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White observes, that the gossamer threads, which float in 
the air, are the production of small spiders, that swarm m 
the fields in fine weather in autumn, and have the power 
of shooting out webs so as to render themselves buoyant 
and lighter than the air. If taken in the hand, they will 
run along the fingers, throw out a web, and sail aloft.' He 
supposes, that, possibly, these spiders, with their webs, are 
carried up into the higher regions of the atmosphere by 
the warm and light currents of air which ascend from the 
earth ; and that while thus elevated they have the power, 
perhaps, of thickening their webs — as some naturalists sup- . 
pose — thus rendering them heavier than the atmosphere, 
when of course they must fall, and will thereby occasion, 
if they descend si/mAdtcmeovsly in large fiakes and in 
great abwndance^ a gossamer-shower, 

668. Dr. Lister ascended one day, when the air was 
very full of gossamer, to the highest part of York Minster, 
and still found these filmy threads floating far above him. 



CHAPTER II. 

DBT FOO AND INBIAH-STTMMEB HAZE. 

Dry Fog. A peculiar haze sometimes pervades 
the atmosphere, which has received from meteorologists 
the name of dry fog. It is different from humid mist, for ' 
it not unfrequently prevails when no visible vapor exists 
in the air, and during seasons of great heat. 

670. When this phenomenon occurs, the sky, although 
it may be perfectly free from clouds, has lost its fine 
Mure tint, and is dull and discolored. Terrestrial ob- 
jects at a distance, and of a deep color, are lost to view, 
and appear as if covered with a blue veil. The sun loses 

What did Dr. liater observe 1 Digitized by (^OOQ IC 

What is dry fog 1 _ , ...tv^. •' 



DRY FOGS. 

its brilliancy, eveti when high in the heavens, 
is of a reddish 1^^^- As it approaches the J: 
Bumes a blood-red color, and may be gaze: 
dazzling the eyes. At times, the haze is even 
the solar orb ceases to be visible before it h i 
below the horizon. 

671. Instances. In the year 1782, a rema ■ 
this kind occurred, extending over Europe fro i 
the Mediterranean. It was succeeded the i ! 
another still more extraordinary. This fog, 
dry fog of 1783, produced a great sensation 
Europe. According to Kaemtz, its intensit ' 
that in some places objects at the distance ol 
could not be distinguished. Sometimes tl e 
blue, or else surrounded with vapor. The s i 
its beams, appeared of ^ fiery redj and a^ 
be looked at without injury to the naked e 
rising and setting it was completely obscured 
haze. 

This dry fog first appeared at Copenh 
26th of May. It reached Rochelle on the 
and was noticed, almost everywhere througli< 
France, and Italy, from the 16th to the 
month. 

It was seen at Spydberg, in Norway, o 
June, at Stockholm two days after, and o 
appeared at Moscow. In Syria it was obs 
the close of June, and on the 1st of July i 
Altai mountains. 

In England it continued from the 23d of 
20th of July. 

During the prevalence of this phenomeno 
intense. 

672. In the summer of the year 18345 
noticed in various localities in Germany - 

Digitized by VjOOQIC 
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For three days, during the latter part of this month, a 
haze of this kind prevailed at Mnnster, and the phenom- 
enon was seen at Halle, Freiberg, and Altenberg, in Sax- 
ony, on the 28th and 29th of July. 

In the northern and western parts of Germany, as well 
as in Holland, dry fogs very frequently occur. 

673. Cause. The origin of this phenomenon is not yet 
satisfactorily explained. Many philosophers suppose it to 
arise, either partially or wholly, from the influence of elec- 
tricity, without being able to show very clearly in what 
manner it is possible for this agent to produce such an 
efiect. Others believe it to result from smoke caused 
by the conflagration of forests, the burning of peat- bogs, 
and the eruption of volcanoes. Thus Lalande attributed 
the d/ryfog of 1783 to electricity, Cotte to the union of 
metallic emanations with electricity, while other philos- 
ophers traced it to a volcanic source. 

674. In the opinion of Kaemtz, the dense, dry fog of 
1834 arose, partly from the combustion of peat, and partly 
from the unusual number of extensive fires that occurred 
in this year. While the fog was among the Hartz mount- 
ains and in the vicinity of Orleans and Basle, many peat- 
bogs were reduced to ashes, the fire penetrating deeply 
beneath the surface. One bog in particular, that of 
Dachau, in Bavaria, was burned to the depth of more 
than eight feety the fire running even beneath ditches 
filled with water. In July there were vast conflagra- 
tions of forests and peat-bogs in Prussia, Silesia, Sweden, 
and Russia. The drought, which then prevailed, favored 
the propagation of these fires and the diffusion of the 
smoke. 

675. The dry fogs, that occur in Holland, and in the 
north and west of Germany, are attributed by Finki to the 
combustion of peat. 
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INDIAN-SUMMER ^AZ^. 

^ent of North America, there occurs, about ; 
October or the beginning of November, a 
pleasant interval, termed the Indian mm 
lasts for the space of two or three weeks, an i 
^c'etards the approach of winter. 

During this season the air is soft and bl 
Miild temperature prevails,, while the atmosph^ i 
■^ith a dense^ dry haze^ that causes the disi 
of the landscape to appear as if veiled in 
smoke. 

677. Cause. This obscurity has been si 
some writers to originate in the same way \ [ 
nmsts ; while others imagine it to be due to t £ 
of smoke, borne by the wind from the distani \ 
tions of vast prairies and forests. In respect 
view It may be remarked, that the Indian-su j 
bears little resemblance to an aqueous rmst. 
change into rain, and during its continuance 
nietric state of the atmosphere is different 
which exists when moist fogs occur. The seco 
esis fails, inasmuch as it assigns a locoJ^ cm 
solution of a general phenomenon— not to «iei 
objections which might justly be urged »g^^^^„v " 
078. No sufficient explanation of this s^^^^.; , 
enon has yet been found, but there is 9^^ ^' : 

connected with it which may possibly &^^ ' 
cause. 

The Indian summer, with its genial "«l*'^Jf Jw 
veil, occurs at that period of the year ^^^^^^vXt 
the forest are falling, and the. vegetation "* 
surface of the earth is heginning to decay- 
this fact, some are inclined to think, *'!P'^:i 
process of decomposition, the decaying a^^^^ 



W;hat is the Indian summer 1 



What IS the Indian snmmerl , ^ _. » , 

W^hat opinions are entertained in regard to its ^^^OOQIC 
Has aii;y- adeanato ovnlanAtinn been v«t. iHven ? . - J2 
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gOl 



as it were* a slow 



particles of carJxmace 
tato smokej and that 
the lower strata of th 
summer haze. The 
ascribed to the sam^ 
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f^ifheat emino^*»®«wd that most of these works were writ*®*' 
^ fj"^^'"«^tfat?*' ^«'r^<>^^^^ 5 with explanatory ^^ 'tnt^^^ 

*1 25. ^'•*tioi,8. By John Brocklesby, a. M., Prof^**^ ^^^ e^ 

cel]!nt^?''® Pleam, ^^''^ '** Connecfictit Common ScfcooZ •^^^J^ae*^«,*^J^^*«^^^ 

'D de J'**^'^- I??""® *" ««i"n« the atteniion of teachers and ^^^ P^{V ptoV«^ 't^ a* *^- 

*i»thor or*2:5>ons:"*T,i' contains the elements of the 'ciert^^^^^c^\xe%\^^^itxe ^^ 
'inin/i« ®T®»> snh ' »«•»<>*• *^ ,^ learned man and a P^^X&X ^*''^ot4.^*^® « 

*«e!em * ^^^sii dA'*^^-»>ook should be. The style is a m*>** Xr» f^ ,^ VH*^*' 

«iennenia?^ *^gree perspicuity, precision, and Yivacity- ^^x^*«^ ^TOtftP*^^ 
IncJ^ '*<>tico ii '*'^*^ on Astronomy with which we are ^^^zL^4> «^*^ ^ ^^ 

«ff the book ®*^^oed by a larg« number of acadeime«» A ^ f0, 

?&«• By^^'^^ETEOROl-OGY; designed foj ^^ro**^'^*'' «vet^^ 

^osopny ij John Brocklesby, AM., Profelsor of f^^^^ ntivetv* <T^*2i . 

Jhe subject ^^ ^^'^"y College, Hartford 84 cents. -r^« T>^f^°a» "^^tt^^B* 

•^«-r";J^^^^^ i« -C^^« *-P-t interest to /^^^^^^ -^^jSn^^^^^^ 

- .rrfP'^iiosot^lf ' «nd ouffht to be as fhmiliarlv known to ^ir«^«''^5JrJ^«, 1*^* '^ 



2 PratU Oakley ^ Co*» Puhlicatibn»» 

ViBWB OF THE MicKOscopic WoRLD ; designed for General 

Reading, and as a HaQd4)ook f9.r Classea in Natural ScieoMS. By Prof Brockles* 

by $118. 
. By the aid of t powerful microscope, the author .has given us highly iriitroetiya 
aecounts or Inflisorial Animalcules, Fossil InAisoria, Minute Aquatic Antmal^i 
Structure of Wood and Herbs, Crystallization, Parts of Insects, &c., dec. 

To those who are "^necessarily deprived of the aid of a microscope, and even t» 
those who have It, this is a most valuable work. It is clearly and pleasantly writteH. 
The sections on the Animalcules, Infusoria, and CrystalfizatiOa, are very beautifully 
jUustrated with large and expensive plates. The desctlptions of the diflerent kinds 
•f these wonderful little animals, many of which multiply by billions in a few hours 
•re really very instructive. There is no better s ihool library book in the world. K 
should be read by every man, woman and child. 

EltTMAN Physiology ; designed for Colleges and the Higher 

Clasees in Schools, and for General Reading. By Worthington Hooker, M. D 

Professor of the Theory and Practice of Medicine in Yale College. Illustrated wltll 

nearly 200 engravings. $1 25. 

This is an original work, and not a compilation. It presents the subjeec Ih a new 
light, and at the same time embraces all that is valuable for its purpose that could be 
drawn ftom the most eminent sources. The highest encomiums are received from 
all quarters ; a few are subjoined. 

From Caleb J. Ha.x<lowbll, Alexandria High School, Va, 
Hooker's Physiology was duly received. We propose to adopt it as a tezf tiboK, 
and shall order in the course of a fortnight. 

From the Boston Medical and Surgical Journal, 
We can truly say that we believe this volume is of great value, and we hope that 
the rare merits of the diligent author will be both appreciated and patronised 

From B. F. Tewksbubt, Lenoxvilley Pa. 
I am ready to pronounce it unqualifiedly the most admirable book or work on the 
human system that has fallen under my notice, and they have not besn fbw. If any 
one desires a complete and thorough elucidation of the great science discussed, thflv 
can nowhere be better satisfied than in the perusal of Dr. Hooker's most excellem 
woik. 

An Introditctory Work on Human Physiology, by Prof . 

Hooker, has Just been published, designed for alt persons commencing the study 
Dr. Hooker's works seem to have taken their place decidedly at the head of all 
treatises on the subject of Physiology. They are rapidly going into seminaries and 
normal schools in all parts of the country, and the best institutions express theii 
'* delight at the result.'' 60 cents. 

A Comparative English-German Grammar ; based on the 

afilnity of the two languages. By Prof. Ellas Peiasner, late of the University o» 
Munich, now of Union College, Schenectady. $1.00 

From the New York Churchman. 
or all the German Grammars we have ever examined, this is the most modest and 
Ofepretending, and yet it contains a system and a principle which is the life of it, at 
clear, as practical, as cflfective for learning grammar as any thing we have ever seej 
put forth, with so much more pretense of originality and show of philosophy. '• 
svill be found, too, we think, that the author has not only presented a new idea ol 
•nuch interest in itself, but has admirably carried it out in the practical lessons and 
xercises of his work. 

From Pbof J. Fosteb, of Schenectady > | 

I have examined "Prof. Peissner's German Grammar with some attentum • J**tS ^^ 
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fVwitM. S LmiMWiMLDt Ortutd Rapid», Mich 
I bat* Dodd'fl Higher Arithmetie, and unhMitatiiigly proaonnee it the best wof* 
Ibr adraneed daises I hare ever seen. 

From E. Hinds, Esq., of Newtown Academy. 
I hare reeently adopted Dodd's High School Arithmetie, and Uke it much. Hariotf 
seen that Prof. Dodd is also author of an Algebra, I should Uke to see that work oe 
ore Ibrming a new class. \ 

From H. Elias, Esq., Palmyra, Mo. 
I haye fbirly tested Dodd's Algebra, and am much pleased with it. If I lik« ^'^ I 

eometry as well as the Algebra, 1 shall forthwith introduce it into my sehool. I 

From Pbof. W. H. d'b Put. 
We hare introdnoed Dodd's Algebra into the Genesee Wesleyan Seminary as a 
permanent text-book. 

From R. H. Moors, in. 
Dodd's Algebra possesses exeelleneies pertaining to no other work i 

From RsT. J. A. McCxiriiiT, Fa. 
I am mueh pleased with Dodd's Algebra, and will introduce it. . . 

Frwn OscAB Habbis, N.J 
I use Professor Dodd's Algebra, and shall continue it as our regular text*boos 
From Pbof. A. L. Hamilton, President of Andrew College. 

I haTe examined with some care Prof. Dodd*s Elements of Geometry, and, to tut 
as I am capable of judging, I conceive it to be in many respects decidedly the best 
work of the kind extant. For simplicity, exactness, and completeness, it can hare 
no superior. Like his Arithmetic and Algebra, in many important particularst his 
Geometry stands pre-eminent and alone. 

« 

A New Common-School Arithmetic, by Prof. Dodd, is in 

press. 

The Department of Public Instruction in Canada has repeatedly ^^^^^^i I 

Dodd*s books, as well as many of F. B. A Co.'s other publications, for use in sebOwB | 

Schell's Introductory Lessons in Arithmetic ; designed 

as an Introduction to the study of any Mental or Written Arithrostlo. It c**'^'" JJ i 

a large amount of mental questions together with a large number of questions » . 
be performed on the slate, thus combining mental and written exercises tor yoang 
beginners. This is a very attractive little book, superior to any of its class. « 
leads the pupil on by the easiest steps possible, and yet insures constant pro- 
gress. 20 cents. 

From Gbo. Patnb Quaoxbnbos, Rector of Henry street Grammar School, N. Y \ 

It is unnecessary to do more than to ask the attention of teachers to tbls '^^J^^ i 

ihey cannot examine it impartially without being convinced of its superior menw ^ i 

It will, no dotlbt, become one of the most popular of school-books. 
From J. Mabkham, Ohio. 
I wish to introduce Schell»s littie Arithmetic. It is just the thing tot l>eglimew 

ftend six dozen. 

From G. C. Mebbifixld, Ind. 
I am highly pleased with ScheU's litUe book, and shaU nse it. ^^ | 

From D. F. Dbwolf. Ohio. y^g\t\zed by C:r OOg IC 

ScheU's UtUe book for children is a beawideal of my own, and of cour»o It ««il« 




An Intbllbctual and pRir.r«Tr.*T a 

Jf««ottB in Aritlunetlcal Aiialyau Bv T T^\ O**, Fi 

State Normal Schools. 35 cents. *^ * ^' ^^^* Gradaate of tiie Now 1 
The 

to the 

n«>de t. „„, 

wok alone. 

Ihav«. : ^^ ^<>^ Pbof. C. M. Wbwht. 

fcee it at'SIJS* IntTh^ie^'d^^^^^^ ^-"•' *^«'»^«» ^*«»^«"«» «d -haU inl 

^-^^Z^'^s^in^^^^^ ^- ^"o^»' S. 8EABL., Itoc* Xn.^5«n.na 

^-•haUiUX'Sj^euSo^^^^^^ 'y '' L.BnoB.andllka Itmu 

^J. Palmer's BooK-KEEpma ; Key and Blanks. 67 cen 

' , ®'^"*"<*«>oki»roperior to the books generally usod.bocaiiao I 

a large number of business blanks to be flUed by the learner, such 

8, agreements, assignments, &c., Ac, 

IS nrom page to page, from article to article, and to settle princij 

1 to deeds, mortgages, &c., &o. 

OS are to be torUten out, after being calculated. In other works, 

' Jo copy, merely. 

•Keeping Is used in the New York Public Schools, and eztensi^ 

t is recommended by Horace Webster, LL. D., O. B. Doohai 

go number of accountants and teachers. 

^^^. P. BUILIOBB' BHGUBH ASD CLASSICAL 8BBIBB, 

'*«iwciPi.x3 ^^^^"^ ^^ English Gbammab and Composition ^ 

f«0OB»,3,^^^Elfou8HGBAMMXB..... " 

'»TBoi>vcTT« ^**0"BS IN ANALYSIS AND PaBSINO ^ 

'^«^» OB An ** ^"^""^^^ GBAlUMAB " 

''ATIN I.Bsso'*^'*^*'®'^^ ^''^ PbACTICAL ENGLISH GBAMILAB ' ' ' * 

Cloth, eiuar^"? ^"^ Eibbcisbs in Pabsing. By Geo. Spencer, A. M. Half 

B^'i.i.ioif s' p^f^_- ' 

^'$i'J.20K8»T.^!.^^^«8 OF Latin GBAMMAB •• •;; 

language V* i^SADEB. With an Introduction on the Idionw of the Lawn 

^'ow.ioifs' c^^"»Pfoved Vocabulary 

Bullions' Ct^^'* Commentabibs , '**; I*' 

^ dfew's, and sS?'« Obations. With relbrence both to BiUUoni*, and An- 
B'^LLiows* s^,**"»'d*8 Latin Grammar 

f^^i-iONs' Gbb*''? 

"i^iLzows* p *** Lbssons fob Bboinnbbs 

^^i-i-iows' g»^*^'^''*«opGbb»k Obammab. ••••; 

ian^ua^o, i^d*f Rbadeb WitH Introduction on tlio Idionui of the Greei 

J"i-LioNs» i.^y/*^^Proved Lexicon 

CooPBH'B Vi«^,^ B^BBcisBs Digitized by* i^'OOJ^re.; 

Jn this «^,,^_ ■' <^' 



6 PrtUU OakUy ^ CoU Publicatiom. 

few 10 each ; tbe eonftisioii and difficulty unneoassarlly oeeasionad by the *i*^ff,,'f*^ 
mentuy works diflbrlng vridely flrom each other in language and structure, trill M 
aYoided, and the progress of the student rendered much more rapid, easy, and satiB 
(hctory. , 

No series of Orammars, haying this object in yiew, has heretofore been preparfo, 
and the advantages which they offer cannot be obtained in an equal degree oy tnf 
study of any other Grammars now in use. They form a complete eourse of elentent* 
ary books, in which the substance of the latest and best Grammars in each languagft 
has been compressed into a volume of conyenjent sise, beautifully printed on supe 
rior paper, nuatly and strongly bound, and are put at the lowest prices at which they 
can be afibrded. 

The elementary works intended to follow the Grammar*— namely, the Latin 
Reader and the Greek Reader— are also on the samb plan ; are prepared with special 
references to these works, and contain a course of elementary instruction so nniqus 
and simple as to Aimish great flicilities to the student in these languages. 

NOTICES. 

IDrom PaoF. C. S. PsiiiiiL, Antioeh College, Oluo, 
Bullions* books, by their superior arrangement and accuracy, their eompleteneso 
as a series, and the references flrom one to the other, supply a want more perfectly 
than any other books have done. They bear the marks of the instructor as well b» 
the scholar. It requires more than learning to make a good school-book. 

From J. B. Thompson, A. M., late Rector of the SomervUle Classical InstittUe, N. /• 
I use BuUions' works— all of them— and consider them the best of the kind that 
have been issued in this or any other language. If they were universally used we 
would not have so many superficial scholars, and the study of the classics would bo 
more likely to serve the end for which it was designed— the strengthening ani 
adorning of the mind. 

From A. C. Richabds, Esq., Clay Co,, Ga. 

We think Bullions* Latin Grammar, in the arrangement of its syntax and the ccn- 
eiseness of its rules, the manner of treating prosody, and the conjugations of *he 
verbs, superior to any other. If his Greek Reader is as good as the Latin Reador, we 
shall introduce it. 

It is almost superfluous to publish notices of books so extensively used. 

Within the last fbw months Dr. Bullions* English Grammar has been introduced 
into the Public, and many of the Private ^Schools, the Latin School, the English 
High School, the City Normal School, of the city of Bosf: \ ; Normal Schools oT 
Bridgewater and Westfield i Marlborough Academy ; cities Salem, Newburyport, 
Ac, Mass. ; Portsmouth, Concord, and several academies i -" New Hampshire ; and 
re-adopted in Albany and Troy, New York. They are used in over seventy acade- 
mies in New York, and in many of the most flourishing institutions in every State oC 
the Union. Also, in the Public Schools of Washiugton, D. C, and of Canada, in 
Oregon and Australia. The classical Series has been introduced into several col 
leges, and it is not too much to say that Bullions' Grammars bid iUr to become the 
Standard Grammars of the country. 
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J^to Wt»vS^^^ ^ll^^in? *>» Claiming that 

2J«tlMtea«»ng reading, and ,^^^^ «•"« i. dwiAnBy 

5^liadw,iTL ^l^e ««* !jfJi l';?'^ ingenious and o J^e pian arlScJ 

TnS^ PWia-^ *5'lr?^r*n'^8^ *<> the pupil. TJ o^" repWion iJSSJ 
»S^^'"^^^^«i' J"^^ ^*^®, I** »' portions coSsist of t or the series are r. 

^2*®'*- ?TO«- Page, late Fnacipai of the New Yo • which are not ha 

«y««m: " Xt is the best I ever saw fyrte^chin '^ ^''^odl, said oft 

Swell teaUtt^oay is of the highest vZe and none }"°'P^«« o'' «««**« 

•»»«li a recommendation. ^*^"^' *"'' » to use the books 

^^^^^"^^^h^iTJ^^ll^ *" P*»^9 ^'^ ^^^ ?"""'''' ^h«" these books have b 
C^ntv T? V ^uu^^^ ^?^' T'^^y have just gone into the-chools of Sen 
•cwio'-rVllJ^rL wif'***'!^, soUcitation ; and the same is true ofmany import 
«cbools where they have been examined. 

_, From C. B. Cbumb, N, Y, 

•tu«tenf« w1?n *' ®*"^®'» *"' *n n>y opinion, the best in use. I believe a dass of yoi 
Astern Th Jl"!*^* " '^^^^ ^i'^ th« 8a°»« l***^'^' " ?^y ''**!^'^ ^^^thS a(^ 
^av? iW^du^^d the** '^^ **^ ^ ^^® ^"*^^ attraction of their stj 

^^ OOHSIOCTS SEBIES OP BOOKS OH THE SCIfflCBS, ^t ^^ 

discoterie?^^"*^'' Philusophy, newly revised and enlarged, m i^ 

ax.Bfl.Bi?!!''** BoTAif 1ST. New edition * * '^ieseript^**'' ^\ ^ 

^ Common pT ^<»tant. Including Vegetable Physiology* *^. UCfi^Ve »AAed 

OoTLmBs''„^^»nt8. With Cuts.. •^' To^^l«yecUoo\«. 

^UTi.1 J»?^^^«^siOLooT, botH Comparative and Hnma/i^v ^tiA^^^^® * 

Nb w Blk,! *■ -A-WATOMY, excellent for the general scUol^'^ • • 

EiBJKfiv ^ ^^^® O' Geolooy. Highly lUustrated 'AUt* • L'iJe^ »^* 

^^I'URAi TT^*" ^'^«»^''»'»^- I"^*^'**edwithnumerott»^ 3V»©. ^^ 

'^aabiJi ^'^'TORY OF Birds. Showing their Compar»**'^ \ 

^n th '*'*'* iLLUSTBATIONa TO THR Ph 

The pr* *^°^o ^orks are ftaUy illustrated b^ 

schools j has been repubUshed in S 

«a^tor», j . The many valuable ad< 

"y the a , of EdinburgH, and Prof. 

contains lis last revision. The C 

^tals. B discoveries 9 together wi 

^^^Yy ia 3f the series are in course 

Went to -« o the general good testimt 

have evei _ i in saying tUat no works 

ers to repiaS*!"** extensively used. Contlni 
«»oko. Ti4e^J**p Philosophy in schools whe 
wat no -wri^^'yie of Dr Conastock is so cloi 
P*in« to liiciT*^®*'^ be found to excel him for 
^*«*ae Hew discoveries, and to con 

pp^^ ^OH. J. OUCET'S GEOGRAPHlOAX-g, ^^ by v ^^ cetl*^' ^^ 

^_ ^^^ Geography ; with Colored ^^'^^ ' ---^-R^^sic^^ 



« JPratt, Oakley fy W* PuhlictUuku^ 

OiNBY»0 SoHooi. GjBctoiiAPHr A^TD AfL^s. Contwninff An 

wSia^^^^L ^^J"*?^ Geography, TaWeU, ikn entirely new Chart of ibi 
ald^iL. tor^hTiiti?!**?* contotmatlon,. as adapted tp piuposes of commerce, 
^M^ $1 i? '"^^ ?f reyiewing claa^ ; Uao a Chronological Table of Diaco 

Olnby's Outline Maps. Of tfie World, United States 

Europe, Aala, Africa, Anvloa, and Canada, with Portfolio a^d Book of Exexciaws. 




* iSSon A« Sr I:!?K I* *^S^^ ®^ oUssiaoation, mod o|^»wing the government, 
Se?«5'htv JX;^""??!"- . ?® ^« 'Adopted the 8y8tera*:of carrjing the pupU over 
• Schi?rc?u^^S?™.i^^^fi"!"; His works flr-tcontainedcut8,in which thfdresa 
2 tn h« JiS ^«^**"l ^^^fi liaprovements, &c., of each couitfy are grouped, so 
Jfeit. .rj2 twll''^''; ^*4 ^*>'^» ''''* contained the world as known to thTkn- 
SSSi '?„SJ!i*i? ^««*»W History, vj a Synopsis of Physteal Geography, with 
SiffnRiiv -nti^LT^^'lTf "^^^ "'^ valuable feature in any geography wTiich has not 
SiS? «LiiK^? I" iS®'* "^"^t^i "d ^<» «W»k it not tlo much to claim that, in 
T^id^n^S'JS^i^^ ^®'J" a«» «»?*«• of tJiese. We think that a/air and 
l^^mtl^i^fi^T^J^'^y'J^^ ^*"«y^« A"" l" *^*« largest, most systematic, 
Shie^iSJJSS m^i^J^^hP"*'""?^^ »»^ »J»^ *>»• Quarto wd fiodem School Geogra- 
ffev are dSl^?^t?VfS'' *.°? ^^^^^ ^^^^ arranged, than any similar works ; and 

Tf^««7«?^i ° *®'^ '**® ^'^n** *»«" asserted. 
orthe£SoS?r i*lfiw?*'®?\?'^S^^*»a '^^""^ part of the recommendations, 
InoSrh £? w; whrch the puhlishere have received for the foregoing list ot books 

All theS^JSk.^If'* *''/*'?'^ ^^® *^»*"»* of the books to examiSation and use. , 
mwitor£t^mS5LlS!-°Snf S ''®'y neat, durable stylo, and are sold as low as a' 
SSS <SS^ S?!liri*"5"^'^* .^*>P»«« aopplied to teachers for their own use at 
2S^Sto^5ji^au7XS[i°*' "^ ^°'"*«* P*^^- ^"«* institutions are ftirnished 
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